Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


JOURNAL  OF  THE 
^UNITED  STATES 
ARTILLERY 


PUBLISHED  UNDER  SUPERVISION  OF  THE  COAST  ARTILLERY 
TRAINING  CENTER  STAFF 


VOLUME  50 
1919 


FORT  MONROE,  VA.: 

COAST    ARTILLERY    SCHOOL    PRESS 


^■•1 


Copyright 
Journal  of  the  United  States  Artillery 

1919 


CONTENTS  BY  NUMBERS 


No.  1 

THE  COAST  ARTILLERY  SCHOOL— BUILDING  AT  FORT  MON- 
ROE.   (Frontispiece) 

COAST  ARTILLERY  TRAINING  IN  THE  WAR. 1 

OFFICER'S  DEPARTMENT i  ^ 

By  2nd  Lieutenant  Geddes  Smith,  C.A. 

ENLISTED  MEN'S  DEPARTMENT 85 

By  Lieutenant  Colonel  R.  P.  Hall,  C.A. 

THE  COAST  ARTILLEY  TRAINING  CENTER  AND  CAMP  Mi 

EUSTIS : ,.,..;  !  r.-   118 

By  Lieutenant  Colonel  Fred  M.  Green,  C.i\. 

PROFESSIONAL  NOTES: 

Extracts  from  Report  of  the  Chief  of  Coast  Artillery  to  the      ( 

Secretary  of  War.  1918 127 

Railway  Artillery  Reserve,  American  E.F ,  . ,  129 

New  British  Battle-Cruisers /. .  .     '  137 

German  Naval  Types 138 

BOOK  REVIEWS: ' '  139 

Radio  Communication.  Theory  and  Methods — Map  Reading 
for  Aviators  Including  Aerial  Navigation — Administration 
— M  ilitary  English — Source  Book  of  Military  Law  and' Waf-  ' ' 
Time  Legislation — Naval  Power  in  the  War. 

BOOKS  RECEIVED: 141 

INDEX  TO  CURRENT  ARTILLERY  LITERATURE 142 

No.  2 

HIS  MAJESTY'S  BATTLE  CRUISER  TIGER ,.,...  (Frontispiece) 

USE  OF  RAILROAD  ARTILLERY  IN  COAST  DEFENSE 145 

By  Major  Azel  Ames.  Coast  Artillery 

TYPF^  OF  RAILWAY  MOUNTS 162 

By  Lt.  Col.  L.  H.  Campbell,  Ordnance  Department,  U.S:  A. 

ROLE  AND  ORGANIZATION  OF  TRENCH  ARTILLERY 183 

By  Colonel  Forrest  E.  Willi  ford.  C.A.C. 

A  FIRE  CONTROL  SYSTEM  FOR  USE  WITH  MOBILE  SEACOAST 

ARTILLERY 211 

By  Colonel  Meade  Wildrick,  C.  A. 

NOTES  ON  THE  DEVELOPMENT  OF  ARTILLERY  FOR  THE 

FUTURE 218 

By  Major  Augustus  Norton  ,C.A. 

THE  PICKERING  POLARIS  ATTACHMENT 230 

By  1st  Lieut  Roger  Sherman  Hoar,  CA.    ^ 


4  CONTENTS  BY  NUMBERS 

EDITORIAL  REVIEWS: 

Journal  of  the  U.  S.  Artillery,  Past  and  Future 237 

Good  Counsel 239 

Design  of  Projectiles 240 

Coast  Defense  Armament 240 

Test  of  12-inch  Gun  on  Sliding  Railway  Mount 243 

PROFESSIONAL  NOTES: 

The  Boat  Tail  Bullet 244 

By  J.  R.  Bevis 

Recently  Adopted  System  of  Projection  for  U.  S.  Military  Maps  250 

By  Captain  E.  M.  Burd,  C.A. 

NOTICE: 252 

No.  3 

THE  PRIDE  OF  THREE  ARMIES (Frontispiece) 

A  SYSTEM  OF  CAMOUFLAGE  FOR  RAILWAY  MOUNTS 253 

By  John  M.  Goodwin,  Camoufleur  Ordnance  Department, 
U.  S.  Army 

USE  OF  RAILROAD  ARTILLERY  IN  COAST  DEFENSE 268 

By  Major  Azel  Ames,  Coast  Artillery 

ASTRONOMIC  DETERMINATION  OF  DIRECTION 287 

By  Captain  Edward  M.  Burd,  Coast  Artillery 

GRID  SYSTEM   FOR  PROGRESSIVE  MAPS   IN  THE  UNITED 

STATES 299 

Prepared  in  the  Office  of  the  Chief  of  Engineers 

EDITORIAL  REVIEWS: 

Identification  of  Ships 322 

The  Coast  Artillery  and  the  Colleges 324 

The  Anti-Aircraft  Service 325 

Stick  by  the  Ship 327 

MECHANICAL  SPOTTING  DEVICE 328 

By  Major  C.  M.  Burlingame,  F.  A. 

PROFESSIONAL  NOTES: 

British  Naval  Design — An  American  Tribute 332 

The  German  Method  of  Registration  of  Heavy  Batteries  by  Pho- 
tography, Without  Aerial  Observation  (Trans.) 333 

The  Aberdeen  Chronograph 334 

Launching  an  Airplane  from  an  Airship 335 

The  War*s  Influence  on  Naval  Design 335 

Coupling  Fouling  of  the  Bore 337 

Machine-Gun  Cooling  Problem 338 

Listing  Ships  for  Range 338 

Later  Particulars  of  "Hush"  Ships 238 

Sixteen-Inch  vs.  Eighteen-Inch  Guns 339 

The  Torpedoplane  of  Reality 339 

Lateral  Deviation  of  Projectiles 339 

American  Anti-Aircraft  Artillery 340 

Italians  Developed  New  Observation  Balloon 340 

The  14-Gun  "Agincourt"  not  Popular 340 


CONTENTS  BY  NUMBERS  5 

BOOK  REVIEWS 341 

The  British  Navy  in  Battle — ^The  Modern  Rifle — Recruit  Man- 
ual— Mess  Management — Kocler's  West  Point  Manual  of 
Disciplinary  Training — Alsace-Lorraine  Under  German 
Rule — ^Topographic  Stadia  Surveying. 

INDEX  TO  CURRENT  ARTILLERY  LITERATURE     : 343 

No.  4 

FRENCH  340  mm.  GUN  MANNED  BY  BATTERY  "B" 

53RD  ARTILLERY.  C.  A.  C (Frontispiece 

RAILWAY  ARTILLERY  FOR  SEACOAST  DEFENSE— First  Prize 

Essay  Competition  of  1918 345 

By  Lieutenant  Colonel  Fred  M.  Green,  Coast  Artillery. 

COAST  DEFENSES  CONSTRUCTED  BY  THE  GERMANS  ON  THE 

BELGIAN  COAST 366 

By  Major  A.  NoRTcm,  CA.C  and  Major  D.  Armstrong, C. A. C. 

ASTRONOMIC  DETERMINATION  OF  DIRECTION  (Continued)  . .  390 

By  Captain  Edward  M.  Burd,  Coast  Artillery 

HIGH  BURST  RANGING 417 

By  Lt.  Colonel  C.  H.  Birdseve,  Coast  Artillery. 

EDITORIAL  REVIEWS: 

•The  Queen  of  Battles" 434 

Over  the  Horizon 436 

By  Way  of  Suggestion 439 

A  "Five-Foot  Shelf  of  Books" 443 

Profiting  by  Experience 444 

PROFESSIONAL  NOTES: 

The  Development  of  Mobile  Artillery,  1914-1918 447 

A  Method  of  Computing  Differential  Corrections  for  a  Trajectory  455 

Experimental  Firing  of  12-inch  R.R.  Gun,  Model  1918 460 


INDEX  TO  VOLUME  50 

JANUARY- JUNE,  1919 


I.  Authors 

Arties,  Azel.     Use  of  Railroad  Artillery  in  Coast  Defence 145,  268 

Armstrong,  D.  and  Norton,  A .     Coast  Defenses  Constructed  by  the 

Germans  on  the  Belgian  Coast 366 

Bevis,  J,  R,    The  Boat  Tail  Bullet.     (Professional  Notes) 244 

Birdseye,  C.  H.     High  Burst  Ranging 417 

Bliss,  Gilbert  Ames.     Method  of  Computing  Differential  Correc- 
tion for  Trajectory.     (Professional  Notes) 455 

Burd,  Edward  M.     Astronomic  Determination  of  Direction 287,  390 

Burd,  E,  M.     Recently  Adopted  System  of  Projection  for  U.  S. 

Military  Maps.     (Professional  Notes) 250 

Burlingame,  C.  M.     Mechanical  Spotting  Device 328 

Campbell,  L.  H,     Types  of  Railway  Mounts 162 

Goodwin,  John  M.     A  system  of  Camouflage  for  Railway  Mounts.  253 
Green,  Fred  M.     The  Coast  Artillery'  Training  Center  and  Camp 

Eustis i  18 

Green,  F.  M.     Railway  Artillery  for  Seacoast  Defense 345 

Hall,  R.   P.     Coast   Artillery  Training  in   the  War.       (Enlisted 

Mens*  Department) 85 

Hoar,  Roger  Sherman.     The  Pickering  Polaris  Attachment 230 

Norton,  A.  and  Armstrong,  D.     Coast  Defenses  Constructed  by  the 

Germans  on  the  Belgian  Coast 366 

Norton,  Augustus.     Notes  on  the  Development  of  Artillery  for  the 

'  Future '. 218 

Smith,  Geddes.     Coast  Artillery  Training  in  the  War.     (Officers* 

Dept.) 1 

Weber,  W.  H.  F.    The  Development  of  Mobile  Artillery,  1914-1819 

(Professional  Note) 447 

Williford,  Forrest  E.     Role  and  Organization  of  Trench  Artillery  183 
Wildrick,  Meade.     Fire  Control  System  for  Use  With  Mobile  Sea- 
coast  Artillery 211 

II.  Subjects 

Aberdeen  Chronograph,  The.     (Professional  Notes) 334 

Anti-Aircraft  Artillery,  American.     (Professional  Notes) 340 

Anti-Aircraft  Service.     (Editorial) 325 

Armament,  Coast  Defense.     (Editorial) 240 

Artillery  for  the  Future,  Notes  on  the  Development  of 218 

Astronomic  Determination  of  Direction 287,  390 

Balloons,    Italians   Developed    New    Observations.     (Professional 

Notes) 340 

Boat  Tail  Bullet,  The.     (Professional  Notes) 244 

Bore,  Copper  Fouling  of.     (Professional  Notes) 337 


INDEX  7 

British  Naval  Design — ^An  American  Tribute.     (Professional  Notes)  332 

British  Battle- Cruisers,  New.     (Professional  Notes) 137 

By  Way  of  Suggestion.     (Editorial) 439 

Coast  Artillery  and  the  Colleges,  The.     (Editorial) 324 

Coast  Artillery  Training  Center  and  Camp  Eustis 118 

Coast  Artillery  Training  in  the  War 1 

Coast  Artillery  Training  in  the  War.     (Enlisted  Men*s  Depart- 
ment)   85 

Coast  Defense  Armament.     (Editorial) 240 

Coast  Defenses  Constructed  by  the  Germans  on  the  Belgian  Coast  366 

Colleges,  The  Coast  Artillery  and  the.     (Editorial) 324 

Cooling  Problem,  Machine  Gun.     (Professional  Notes) 383 

Computing  Differential  Correction  for  Trajectory 455 

Copper  Fouling  of  the  Bore.     (Professional  Notes) 337 

Deviation  of  Projectile,  Lateral.     (Professional  Notes) 339 

Design  of  Projectiles.     (Editorial) 240 

Development  of  Mobile  Artillery,  1914-1918,  The 447 

Differential  Correction  for  Trajectory,  Computing 455 

Direction,  Astronomic  Determination  of 287, 390 

Experimental  Firing  of  12-Inch  Railroad  Gun,  Model  1918 460 

Fire  Control  System   for  Use  with  Mobile  Seacoast  Artillery 211 

"Five-Foot  Shelf  of  Books,"  A.     (Editorial) 443 

14-Gun  "Agincourt"  Not  Popular,  The.     (Professional  Notes) ....  340 
German  Method  of  Registration  of  Heavy  Batteries  by  Photography 

Without  Aerial  Observation.     (Professional  Notes) 333 

German  Naval  Types.     (Professional  Notes) 138 

Good  Counsel.     (Editorial) 239 

Grid  System  for  Progressive  Maps  in  the  United  States 299 

High  Burst  Ranging 417 

"Hush"  Ships,  Later  Particulars  of.     (Professional  Notes) 383 

Identification  of  Ships.     (Editorial) 322 

Italians  Developed  New  Observation  Balloon.     (Professional  Notes)  340 

Journal  of  the  U.  S.  Artillery.     History.     (Editorial) 237 

Later  Particulars  of  "Hush"  Ships.     (Professional  Notes) 338 

Lateral  Deviation  of  Projectiles.     (Professional  Notes) 339 

Launching  an  Airplane  from  an  Airship.     (Professional  Notes) 335 

Listing  Ships  for  Range.     (Professional  Notes) 338 

Machine-Gun  Cooling  Problem.     (Professional  Notes) 338 

Mechanical  Spotting  Device 328 

Mobile  Seacoast  Artillery,  Fire  Control  System  for  Use  With !211 

Naval  Design,  British — An  American  Tribute.  (Professional  Note^)  332 

Naval  Design,  The  War  Influence  on.     (Professional  Notes) 335 

Notes  on  the  Development  of  Artillery  for  the  Future 218 

Observation    Balloons,    Italians    Developed    New.     (Professional 

Notes) 340 

Over  the  Horizon.     (Editorial 436 

Pickering  Polaris  Attachment 230 

Photography,  German  Method  of  Registration  of  Heavy  Batteries 

by.  Without  Aerial  Observation.     (Professional  Notes) . . .  333 

Pride  of  Three  Armies,  The.     (Frontispiece)  to  No.  153 

Profiting  by  Experience.    (Editorial) 444 

Progressive  Maps  in  the  United  States,  Grid  System  for 299 


8  INDEX 

Projectiles,  Design  of. .    (Editorial) 240 

Projectiles,  Lateral  Deviation  of.     (Professional  Notes) 339 

Queen  of  Battles,  The.     (Editorial) 434 

Railroad  Artillery  in  Coast  Defense,  Use  of 145, 268 

Railway  Artillery  for  Seacoast  Defenses 345 

Railway  Artillery  Reserve,  American  E.  F.     (Professional  Notes) . .  129 

Railway  Mounts,  A  System  of  Camouflage  of 253 

Railway  Mounts,  Types  of 162 

Ranging,  High  Burst 417 

Recently  Adopted  System  of  Projection  for  U.  S.  Military  Maps. .  250 
Registration  of  Heavy  Batteries  by  Photography  Without  Aerial 

Observation,  German  Method  of.     (Professional  Notes) . .  333 

R61e  and  Organization  of  Trench  Artillery 183 

Seacoast  Defenses,  Railway  Artillery  for 345 

Ships,  Identification  of.     (Editorial) 322 

Sixteen  Inch  vs.  Eighteen  Inch  Guns.     (Professional  Notes) 339 

Spotting  Device,  Mechanical 328 

Stick  by  the  ship.     (Editorial) 327 

System  of  Camouflage  of  Railway  Mounts,  A 253 

Test  or  12-Inch  Gun  on  Sliding  Railway  Mount.     (Editorial) 243 

Torpedoplane  of  Reality,  The.     (Professional  Notes) 339 

Training  in  the  War,  Coast  Artillery 1,  85 

Trench  Artillery,  R61e  and  Organization  of 183 

Types  of  Railway  Mounts 162 

Use  of  Railroad  Artillery  in  Coast  Defense 145,268 

War  Influence  on  Naval  Design,  The.     (Professional  Notes) 335 

III.  Book  Reviews 

Administration.     Connor 139 

Alasce-Lorraine  under  German  Rule.     Hazen,  Charles 342 

British  Navy  in  Battle,  The.     Sir  Arthur  H 341 

Koehler*s  West  Point  Manual  of  Disciplinary  Training 342 

Map  Reading  for  Aviators,  Including  Aerial  Navigation.     Benson, 

C.  B 139 

Mess  Management.     Dunn,  William  C 342 

Military  English.     Long,  Percy  Waldron 139 

Modem  Rifle.  The.    Bevis,  J.  R 341 

Naval  Power  in  the  War.     Gill,  C.  C 140 

Radio  Communication,  Theory  and  Methods 139 

Recruit  Manual.    Thorpe,  George  C 342 

Source  Book  of  Military  Law  and  War-time  Legislation 140 

U.  S.  War  Department,  Committee  on  Education. 

Topographic  Stadia  Surveying,  Grunsky,  C.  E 343 


Januarvj-Februani 
—1019— 


COAST AKnueay  schooi  phess 

FORT  MOf/ROe,  VIR6INIA. 


Journal  op  the  United  States  Artillery 


TABLE  OF  CONTENTS 

FOR 
Vol.  50,  No.  1.  JANUARY-FEBRUARY  Whole  No.  151 


THE  COAST  ARTILLERY  SCHOOL  BUILDING  AT  FORT  MON- 
ROE     (Frontispiece) 

COAST  ARTILLERY  TRAINING  IN  THE  WAR 1 

OFFICER'S  DEPARTMENT 1 

By  2nd  Lieutenant  Geddes  Smith,  C.  A. 

ENLISTED  MEN'S  DEPARTMENT 85 

By  Lieutenant  Colonel  R.  P.  Hall,  C.  A. 

THE  COAST  ARTILLERY  TRAINING  CENTER  AND  CAMP 

EUSTIS 118 

By  Lieutenant  Colonel  Fred  M.  Green,  C.  A. 

PROFESSIONAL  NOTES: 

Extracts  from  Report  of  the  Chief  of  Coast  Artillery'  to  the 

Secretary  of  War,  1918 127 

Railway  Artillery  Reserve,  American  E.  F 129 

New  British  Battle-Cruisers '137 

German  NavaJ  Types   138 

BOOK  REVIEWS: 139 

Radio  Communication,  Theory  and  Methods — Map  Reading 
for  Aviators  Including  Aerial  Navigation — Administration — 
Military  English — Source  Book  of  Military  Law  and  War- 
Time  Legislation — Naval  Power  in  the  War. 

BOOKS  RECEIVED: 141 

INDEX  TO  CURRENT  ARTILLERY  LITERATURE 142 


Copyright,  1919,  bg  Journal  tf  the  United  States  ArtiUerg 
The  Journal  is  not  in  any  way  responsible  for  the  statements  of  authors. 


Journal  op  thb  Unitbd  Statks  Artillbiiy 

Published  under  supervision  of  the  School  Board, 
Coast  Artillery  School,  per  G.  0.  46,  W.  D.,  1915. 

Six  numbers  per  year;  volumes  begin  January  and 
July.    Issued  on  last  day  of  each  odd-numbered  month. 

Entered  at  the  Post  Office  at  Fortress  Monroe,  Va., 
as  second  class  matter. 

Subscription  price,  per  annum: 

Domestic $2.50 

Canada. 2.75 

Countries  in  the  postal  union 3.00 

Single  numbers.. 0.50 

All  subscriptions  payable  in  advance. 

Make  checks,  drafts,  and  postal  orders  payable  to 
Journal  U.  S.  Artillery. 

Remittances,  articles  intended  for  publication,  and 
conmiunications  relating  to  the  management  should 
be  addressed  Journal  U.  S.  Artillery. 

It  is  tamaUg  requested  that  prompt  informaiion  be 
given  of  changes  of  address,  or  failure  to  receive  the 
JOURNAL,  Both  old  and  new  addresses  should  be 
given. 

Colonel  R.  R.  Welshimer,  C.  A. 

Manager  and  Editor 

Major  W.  C.  Foote,  C.  A. 

Assistant  Editor 

London  Agents: 
B.  F.  Stevens  and  Brown,  4  Trafalgar  Square 


JOURNAL  UNITED  STATES  ARTILLERY 

PRIZE  ESSAY  COMPETITION 


1918 

The  Journal  U.  S.  Artillery  announces  the  following  for  its  annual 
competition. 

PRIZES 

One  hundred  and  fifty  dollars  will  be  given  for  the  best  essay  and  one 
hundred  dollars  for  the  second  best  essay  submitted  on  any  Coast  or 
Heavy  Arlillery  subjects. 

CONDITIONS  OF  THE  COMPETITION 

(a)  Competition  will  be  open  to  all  readers  of  the  Journal. 

(b)  Award  will  be  made  by  a  conmiittee  of  award,  consisting  of  three 
persons,  to  be  nominated  by  the  Coast  Artillery  School  Board.  If  no  essay 
submitted  seems  to  the  committee  worthy  of  a  prize,  none  will  be  awarded. 
Honorable  mention  may  be  made  of  any  essay  submitted  which  seems  to 
the  conmiittee  worthy  thereof,  but  to  which  a  prize  is  not  awarded. 

(c)  All  essays  entered  in  competition  will  become  the  property  of  the 
Journal  op  the  llNrrsD  States  Artillery.  These  will  be  published, 
if  approved  by  the  Coast  Artillery  School  Board. 

(d)  Copy  must  be  typewritten,  with  lines  double  spaced,  on  one  side 
of  the  paper  only,  and  must  be  submitted  in  triplicate.  If  illustrations  are 
included,  one  of  the  three  copies  thereof  must  be  in  the  form  of  drawings, 
tracings,  or  photographs  (not  blue-prints  nor  brown-prints). 

(e)  Copy  must  contain  nothing  to  indicate  its  authorship,  must  be 
signed  with  a  nom  de  plume,  and  must  be  accompanied  by  a  sealed  envelope 
containing  this  nom  de  plume  and  the  name  of  the  writer.  This  envelope 
will  remain  in  the  hands  of  the  Editor  of  the  Journal  and,  after  award  has 
been  made  by  the  Committee,  will  be  opened  in  the  presence  of  the  Coast 
Artillery  School  Board. 

(f)  Copy  must  be  received  on,  or  before,  December  31,  1918.  It 
must  be  addressed  Journal  U.  S.  Artillery  ana  the  envelope  must  bear 
the  notation,  "Essay  Competition." 


NOTICE 


The  Journal  U.  S.  Artillery  desires  to  receive  from  its  readers, 
titles  of  subjects  which  they  consider  would  be  of  interest  to  the  service. 
A  title  will  be  published  (either  on  the  "Prize  Essay**  announcement  page, 
or  inmiediately  following  "Short  Notes")  until  a  paper  on  that  subject  has 
been  received. 


JOURNAL 

OF  THE 

UNITED  STATES  ARTILLERY 

Vol.50,  No.  1.  JANUARY-FEBRUARY,  1919  Whole  No.  151 

Coast  Artillery  Training  in  the  War 


OFFICERS'  DEPARTMENT 

By  2nd  Lieutenant  Geddes  Smithy  C.  A. 

*The  role  assigned  to  the  Coast  Artillery  of  the  United 
States  in  the  European  War  is  that  of  handling  the  railroad 
artillery  and  a  part  of  the  heavy  artillery — These  mounts  are 
rather  complicated  and  take  some  time  to  construct.  We  do 
not,  however,  propose  to  lose  any  time  in  waiting  for  such  con- 
struction. We  propose  to  use  whatever  guns  we  can  get,  big 
or  little,  and .  .  .  improvise  fire  control  apparatus,  conforming 
in  principle  to  the  standard  fire  control  for  use  in  the  field, 
thus  simulating  the  guns .  .  .  and  methods  that  we  shall  later 
have  to  use." 

This  statement  of  policy  made  at  the  beginning  of  the 
first  War  Training  Camp  at  Fort  Monroe  by  the  first  Com- 
mandant, Colonel  S.  M.  Foote,  sounds  the  keynote  for  the 
first  period  of  the  officer  training  which  has  fallen  to  Fort 
Monroe,  and  the  Coast  Artillery  School  as  its  special  war  task 
and  which  has  resulted  in  transforming  the  Fort  and  turning 
he  school  into  something  quite  unlike  anything  in  its  long  past. 

The  Coast  Artillery  School  was  going  steadfastly  about  its 
business  when  the  United  States  entered  the  Great  War. 
"^ifty  students  were  taking  the  regular  course.  The  Com- 
•aandant,  in  the  report  for  1916,  had  looked  forward  to  the 

(Note.  This  article  was  prepared  undei  the  fupervisioD  of  Major  Fred  Engelhardt,  C.  A..  Inepectoi  of 
tructioD.  and  with  the  epecialatsutance  of  Lieut.  Ccl.  Abney  Payne.  C.  A.,  Director  of  Inatniction.  Major 
'lUam  C.  Foote.  C.  A.,  Senior  Inetrtictor,  Materiel,  Major  £.  A  Ziegler,  C.  A..  Eenior  Instructor,  Orientation, 
'  itain  Eail  W.  Thomran,  C.  A.,  Aonstant  Senior  Instructor,  Gunnery  and  Major  Arthur  H.  Uoyd,  Engineer 
t  ps.  Construction  Quartermaster. 

(1) 


2  JOURNAL   U.    S.    ARTILLERY 

addition  of  an  anti-aircraft  gun  to  the  equipment  of  the  School, 
and  instruction  in  its  technique,  and  in  the  "use  of  mobile 
heavy  and  light  guns,  mounted  on  railway  cars  and  motor 
trucks"  to  the  curriculum.  But  that  was  only  the  faintest 
suggestion  of  the  transformation  that  was  in  store. 

During  the  entire  history  of  successive  schools  at  Fort 
Monroe  the  tendency  had  been  to  confine  instruction  more  and 
more  strictly  to  the  seacoast  problem  as-  distinguished  from 
the  general  field  of  artillery.  In  1906  the  regulations  for  the 
School  confined  its  work  to  coast  artillery  technique;  in  the 
following  year  the  .formal  separation  of  the  Coast  Artillery 
Corps  and  the  Field  Artillery  emphasized  the  differentiation 
in  function.  Yet  a  year  of  war  was  to  see  the  gradual  submer- 
gence of  the  Coast  Artillery  problem,  for  the  time  being,  in 
the  iiew  work  thrust  upon  the  Corps  by  the  emergency,  until 
seacoast  gunnery  became  a  minor  part  of  a  new  course  of  in- 
struction which  was  focussed  very  definitely  upon  the  battle- 
fields of  France.  It  was  not  easy  for  the  officers  and  instruc- 
tors of  the  Coast  Artillery  Corps  to  execute  this  about  face; 
the  history  of  the  Coast  Artillery  Training  Camps  during 
their  first  phase  is  the  story  of  gradual  abandonment  of  the 
methods  associated  with  the  seacoast  batteries,  which  it  was 
believed  needed  but  slight  modification  to  serve  the  purposes 
of  the  work  in  France. 

In  considering  the  history  of  the  Coast  Artillery  School  and 
the  Coast  Artillery  Training  Camp  during  the  war,  it  is  there- 
fore convenient  to  divide  it  broadly  into  three  parts.  The 
first  begins  with  the  initial  training  camps  for  civilians  in  which 
the  Plattsburg  idea  was  applied  to  the  problem  of  rapidly  pro- 
ducing trained  officers  for  the  new  armies,  and  includes  the  first, 
second,  and  most  of  the  third  Coast  Artillery  Training  Camps. 
It  ends  near  the  conclusion  of  the  third  camp,  with  the  return 
of  Lieut.-Colonel  Sunderland  and  Major  Welshimer  from  the 
Heavy  Artillery  School  in  France  and  the  consequent  changes 
in  organization  and  instruction  which  turned  the  camp  from  a 
Coast  Artillery  School  into  a  Heavy  Artillery  School.  The 
second  period,  in  which  the  curriculum  was  definitely  linked  up 
with  French  conditions,  includes  the  end  of  the  third  camp  and 
more  particularly  the  fourth  and  fifth.  The  third  period 
begins  with  the  organization  of  the  Training  Center  under  the 
command  of  Brigadier  General  F.  K.  Fergusson,  and  the  in- 
auguration of  the  Continuous  Camp.  These  changes  were 
principally    administrative    and    quantitative,    but    they    in- 
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volved  SO  great  a  development  and  extension  of  the  work  of 
the  school  that  they  may  fairly  be  said  to  begin  a  new  period  in 
its  history.  This  stage  ends,  of  course,  with  the  signing  of  the 
armistice  and  the  gradual  abandonment  of  the  machine  which 
had  been  so  enthusiastically  constructed.  It  is  the  purpose  of  this 
article  to  trace  the  development  of  the  Coast  Artillery  School 
and  its  expansion  into  the  Coast  Artillery  Training  Center, 
in  the  training  of  new  officers.  The  detailed  development  of 
the  work  in  each  of  the  departments  can  be  described  after 
tracing  the  broader  history  of  the  camp. 

I. 

The  First  Civilian  Camps 

Less  than  six  weeks  after  the  declaration  of  war,  the  first 
civilian  camps  for  reserve  officers  and  candidates  for  appoint- 
ment as  such  were  opened.  The  story  of  these  improvised 
schools  which  began  their  three  months'  course  on  May  14 
had  been  told  many  times.  The  unfinished  barracks,  the 
rigors  of  a  cold,  late  spring  in  the  northern  camps,  the  eager 
receptiveness  of  thousands  of  highly  picked  students — these 
memories  are  still  vivid  among  those  who  have  followed  the 
fortunes  of  the  greatest  army  the  United  States  has  ever  pro- 
duced. It  is  necessary  here  only  to  trace  the  relations  between 
them  and  the  Coast  Artillery. 

The  fundamental  plan  of  instruction  in  these  camps  was  to 
give  all  officer  candidates,  regardless  of  the  arm  of  the  service 
for  which  they  were  destined,  the  same  basic  training  in  in- 
fantry and  army  administration  during  a  "first  period'*  lasting 
from  May  15  to  June  16,  and  then  to  diversify  the  training  to 
prepare  qualified  candidates  for  their  special  duties  with  in- 
fantry, cavalry,  field  artillery,  coast  artillery,  and  the  engineer 
corps.  Special  Regulations  No.  49,  published  under  date  of 
May  5,  1917  to  govern  the  conduct  of  the  First  Camp,  specified 
that: 

"During  the  first  period  a  number  of  candidates  will  be  de- 
signated from  the  First,  Second,  Fifth,  Sixth,  Seventh,  Twelfth, 
Fifteenth,  and  Sixteenth  Provisional  Training  Regiments  for 
further  training  in  Coast  Artillery  Service  during  the  second 
period.  The  number  to  be  designated  and  all  arrangements 
for  their  further  training  will  be  determined  by  the  Chief  of 
Coast  Artillery." 
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Subsequent  instructions  from  the  War  Department  modi- 
fied this  arrangement  by  providing  that  a  detachment  of  Coast 
Artillery  candidates  should  be  withdrawn  from  each  of  the 
sixteen  training  regiments  after  the  first  period.  A  letter  from 
the  Adjutant  General  of  the  Army,  June  1,  1917  is  as  follows: 

"1.  To  conform  to  the  changes  in  organization,  armament 
and  training  found  necessary  with  reference  to  the  National 
Army  to  be  raised  under  the  Act  of  Congress  approved  May  18, 


1917,  the  instructions  heretofore  issued  from  this  office  rela- 
tive to  the  organization  of  provisional  training  regiments  at 
training  camps  are  modified  as  follows: 

"Before  or  at  the  conclusion  of  the  'First  Period'  (June  15) 
the  reserve  officers  and  candidates  of  each  training  regiment  who 
are  to  be  retained  for  'Second  Period'  instruction  will  be 
assigned  finally  to  organizations  as  follows: 

"(e)     Coast  Artillery  contigent.     See  Paragraph  4. 

"4.  Contingents  consisting  of  reserve  officers  of  Coast 
Artillery  and  candidates  for  commissions  in  that  arm  will  be 
selected  in  time  to  be  sent  to  new  camps  as  indicated  below, 
leaving  their  camps  June  16,  or  the  evening  of  June  15,  1917, 


>om  Training 
Regiment 

Nambo*  of 
Contingent 

1st 

100 

2nd 

100 

3rd 

50 

4th 

50 

5th 

100 

6th 

100 

7th 

100 

8th 

50 

9th 

50 

10th 

50 

11th 

50 

12th 

100 

13th 

50 

14th 

50 

15th 

100 

16th 

200 
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From  To  Camp  at 

Plattsburg  Barracks    Fort  Monroe/Va. 

Plattsburg  Barracks  " 

Madison  Barracks  " 

Fort  Niagara  " 

Fort  Myer  " 

Fort  Oglethorpe  " 

Fort  McPherson  " 

Fort  Benjamin  Harrison  " 

Fort  Benjamin  Harrison  " 

Fort  Sheridan  " 

Fort  Sheridan  " 

Fort  Logan  H.  Roots  " 

Fort  Snelling  « 

Fort  Riley  " 

Leon  Springs  " 

Presidio  San  Francisco  Ft.Winfield  Scott 


"Coast  Artillery  officers  of  the  Regular  Army  heretofore 
detailed  as  instructors  at  training  camps  from  which  any  of 
the  above  contingents  are  drawn  will  accompany  such  con- 
tingents and  will  report  to  the  commanding  oflScer  at  their 
destination  for  temporary  duty  as  instructors. 

"The  Commanding  Officer  of  the  Coast  Defenses  of  Chesa- 
peake Bay  will  be  the  Commanding  Officer  of  the  Coast  Artillery 
training  camp  hereby  established  at  Fort  Monroe.  The 
Commanding  Officer  of  the  Coast  Defenses  of  San  Francisco 
will  be  the  Commanding  Officer  of  the  Coast  Artillery  Training 
camp  hereby  established  at  Fort  Winfield  Scott.  Each  com- 
manding officer  will  appoint  a  suitable  staff  and  corps  of  in- 
structors. The  duties  of  Commanding  officer,  staff  officers, 
and  instructors  will  be  in  all  respects  the  same  as  prescribed 
for  commanding  officers  or  corresponding  officers  of  the  present 
training  camps. 


"In  selecting  contingents  to  be  transferred  to  Coast  Artil- 
lery training  camps,  commanding  officers  will  take  into  con- 
sideration the  fact  that  the  Coast  Artillery  requires  reserve 
officers  for  seacoast  guns,  mortars,  and  mines;  also  railroad 
artillery  and  heavy  seige  artillery  to  be  organized  as  tactical 
units  for  use  in  the  European  theater  of  war.'* 


\ 
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WHAT  WAS   THE   COAST   ARTILLERY   TO   DO? 

The  decision  to  use  the  coast  artillery  mobile  batteries  in 
France,  indicated  in  the  final  paragraph  just  quoted,  had  not 
been  arrived  at  immediately  upon  the  declaration  of  war.  There 
was  a  period  of  considerable  doubt  as  to  the  role  of  the  Corps 
in  the  war,  and  it  is  said  that  the  emphatic  advice  of  the  French 
Commission  played  a  large  part  in  determining  the  policy  of 
the  War  Department  in  this  particular.  A  letter  dated  so 
late  as  May  1,  1917,  from  the  office  of  the  Chief  of  Coast  Artil- 
lery to  the  Commandant  of  the  Training  Camp,  read  as  follows: 

*'The  course  prescribed  for  the  candidates  for  temporary 
commissions  and  the  course  for  those  who  are  candidates  for 
commissions  in  the  Officers'  Reserve  Corps  should  be  such  as 
to  train  them  for  their  general  duties  as  Coast  Artillery  officers. 
That  would  include  not  only  the  manning  of  the  seacoast  guns 
now  emplaced,  but  also  any  railroad  mounts  which  might  be 
required  in  the  future. 

**It  is  impossible  to  state  at  this  time  what  action  the  Sec- 
retary will  take  with  reference  to  the  sending  of  Coast  Artil- 
lery troops  as  such  overseas.  There  is  little  doubt,  however, 
that  the  Coast  Artillery  officers  and  enlisted  men  may  be 
called  upon  for  any  duties  for  which  the  United  States  needs 
them,  and  /  believe  that  a  good  proportion  of  the  Coast  Artillery 
officers  will  be  detached  for  service  with  field  artillery  or  that  the 
Coast  Artillery  units  may  be  required  for  manning  some  of  the 
heavy  artillery  for  use  in  Europe.  It  is  very  difficult  to  give  any 
definite  information  at  the  present  time,  because  policies  are 
changing  frequently  during  the  process  of  forming  the  per- 
manent policies." 

Though  the  decision  to  use  the  Coast  Artillery  to  man 
heavy  artillery  in  France  was  made  before  June,  the  definite 
statement  of  the  policy  to  be  followed  came  later.  It  was 
made  in  the  form  of  an  indorsement  from  the  War  Department, 
A.G.O.,  July  14,  1917,  to  the  Chief  of  Coast  Artillery.  In 
part  it  follows: 

"1.  During  the  present  war  all  oversea  fortifications  and 
all  mine  defenses  in  the  United  States  will  be  manned  by  the 
regular  coast  artillery. 

**2.  The  National  Guard  coast  artillery,  when  drafted  into 
the  Service  of  the  United  States,  will  be  employed  for  the 
present,  in  manning  the  gun  defenses  of  the  fortifications  within 
the  United  States. 
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"3.  The  remaining  enlisted  personnel  of  the  regular  coast 
artillery  (deducting  personnel  specified  in  paragraph  1  above, 
and  that  for  the  railway  brigade  already  authorized),  together 
with  the  necessary  number  of  officers,  will  be  organized  into 
provisional  regiments  of  coast  artillery  for  service  as  field 
artillery  during  the  war,  and  as  far  as  practicable  the 
regiments  will  be  equipped  with  guns  and  howitzers  of  6-inch 
and  larger  calibers,  heavy  railway  artillery,  anti-aircraft  guns, 
etc.,  and  employed  in  supplementing  the  regular  field  artil- 
lery. 


"4.  The  necessary  steps  will  be  taken  to  organize  9  pro- 
visional regiments  of  coast  artillery  for  service  as  field  artillery, 
as  soon  as  the  new  tables  of  organization,  now  being  prepared, 
are  issued  and  the  Chief  of  Coast  Artillery  will  submit  complete 
plans,  including  lists  of  personnel,  etc.,  for  these  organizations. 

"5.  Until  bettfer  material  is  available,  such  land  defense 
cannon  now  assigned  to  coast  defense  commands,  will  be 
utilized  in  connection  with  the  training  of  these  provisional 
regiments  and  will  be  sufficient  for  the  purpose. 

By  Order  of  the  Secretary  of  War: 
J.  T.  DEAN, 
Adjutant  General." 
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The  Preliminary  Camps 

In  one  respect,  the  task  of  the  first  camp  was  simpler  than 
that  of  some  of  its  successors.  All  its  students  had  been 
through  five  weeks  of  the  intensive  infantry  drill  of  the  general 
training  camps  before  turning  to  artillery  and  there  were  no 
recruits,  raw  from  civil  life,  to  learn  trying  foot  movements 
and  ballistics  all  at  the  same  time. 

At  the  camps  these  men  had  been  put  through  rigorous 
physical  drill,  instruction  in  the  School  of  the  Soldier,  the 
Squad,  Company,  and  the  Battalion,  and  a  course  in  sema- 
phore and  wigwag  signalling.  They  had  handled  the  bayonet 
in  drills  so  realistic  that  many  men  were  badly  shaken  psycho- 
logically. They  were  acquainted  with  interior  guard  duty  and 
small  arms  firing  practice.  They  had  marched  miles,  in  both 
light  and  heavy  marching  order.  And  they  had  been  instructed 
in  Army  Regulations,  Field  Service  Regulations,  Studies  in 
Minor  Tactics,  and  Small  Problems  for  Infantry.  The  theo- 
retical instruction,  to  be  sure,  was  of  the  informal  and  not 
very  conclusive  sort  that  is  staged  in  barracks,  sometimes 
with  the  instructor  backed  against  a  wood  stove  to  keep  from 
an  icy  death  while  the  class  huddled  as  closely  around  him  as 
possible.  It  could  hardly  compare  in  thoroughness  with  the 
organized  work  of  the  classroom,  which  Fort  Monroe  was 
later  to  introduce  in  a  systematic  way  which  made*  it  distinc- 
tive among  the  training  camps.  But  it  did  lay  the  foundation 
for  further  teaching,  and  brought  to  the  artillery  school  men 
who  knew  already  the  fundamentals  of  soldiering. 

During  the  first  weeks  of  June  the  men  in  the  camps  were 
divided  between  the  various  arms  of  the  service.  In  picking 
candidates  for  Coast  Artillery  some  emphasis  was  laid  on 
mathematical  preparation,  but  the  primary  importance  of  this 
qualification  was  not  yet  fully  appreciated,  since  in  the  exist- 
ing technique  of  the  Coast  Artillery  mechanical  computing 
devices  were  firmly  established.  Men  were  allowed  to  state 
their  preference,  and  while  those  of  engineering  experience  were 
guided  whenever  possible  into  the  Corps,  no  doubt  the  man's 
own  choice  was  quite  as  decisive,  in  many  cases,  as  anything 
else.  And  since  nobody  knew  very  definitly  what  the  Coast 
Artillery  was  about,  it  can  safely  be  said  that  any  high  degree 
of  selection  was  impossible.  But  the  rigorous  elimination  of 
prospective  candidates  which  had  preceded  the  opening  of  the 
camps,  and  the  high  average  of  the  survivors  made  this  rather 
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approximate  method  of  choosing  Coast  Artillery  officers  more 
promising  than  it  would  have  been  at  a  later  date,  when  officer 
material  had  been  largely  combed  out  by  repeated  levies. 

The  First  Camp  at  Fort  Monroe 

Twelve  hundred  candidates  were  assembled  at  Fort  Mon- 
roe on  June  18,  1917,  to  begin  the  first  war  course  in  Coast 
Artillery.  Two  hundred  others  from  the  Presidio  of  San  Fran- 
cisco were  sent  to  Fort  Winfield  Scott,  where  a  separate 
training  center  was  maintained  during  the  first  and  second 
camps.  This  scheme  proved  unsatisfactory,  and  after  the  end 
of  1917  all  officer  candidates  in  the  Coast  Artillery  were  con- 
centrated at  Fort  Monroe.  The  Camp  at  Fort  Monroe,  in 
accordance  with  the  instructions  of  the  War  Department, 
was  commanded  by  Colonel  S.  M.  Foote,  Commanding  Officer 
of  the  Coast  Defenses  of  Chesapeake  Bay. 

The  accomodations  of  the  Coast  Artillery  School  were  of 
course  far  too  scanty  to  take  care  of  this  tremendous  influx. 
The  garrison  of  Fort  Monroe,  much  reduced  by  the  organiza- 
tion of  a  provisional  brigade  for  overseas  service  and  the  send- 
ing of  two  companies  to  guard  the  White  House,  was  moved 
out  of  its  barracks  in  the  Old  Fort  and  sent  into  tents  on  the 
beach.  The  candidates  moved  in,  and  the  old  squadrooms 
have  not  ceased  from  that  time  to  this  to  resound  with  the 
picturesque  waking  curses  of  men  who  lived  on  edge  for  three 
months. 

Old  Point  was  as  yet  innocent  of  the  clustering  shacks 
which  have  since  transformed  its  sober  dignity  into  a  cross 
between  a  mill-town  and  a  winter  resort.  The  laboratories 
and  classrooms  of  the  Coast  Artillery  School  were  available 
for  teaching,  and  the  basement-rooms  of  one  of  the  barracks, 
since  appropriated  by  the  surveyors  of  the  Orientation  Depart- 
ment, were  pressed  into  service.  The  weather  was  favorable,  too, 
for  some  outdoor  instruction,  and  it  is  said  that  a  certain  group 
found  great  pleasure  and  profit  by  listening  attentively  while 
an  instructor  read  aloud  from  Over  the  Top. 

The  instructors  of  the  First  Camp  were  Regular  officers, 
assisted  by  sergeants  and  master  gunners.  Only  the  heads  of 
departments  were  attached  to  the  Coast  Artillery  School. 

The  work  in  the  first  camp  was  divided  broadly  into  three 
periods  of  nine  working  days  each,  followed  by  three  or  four 
days  of  lectures  on  a  variety  of  subjects,  and  then  by  a  ten- 
day  period  of  target  practice.     "Coast  Artillery  and  Mobile 
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Gunnery  and  Ammunition"  ran  through  the  three  nine-day 
periods,  but  the  other  subjects  were  given  to  sections  in  rota- 
tion. One  group  began  with  nine  days  of  seacoast  mortars, 
another  with  seacoast  guns,  and  another  with  field  artillery 
which  was  based  entirely  on  the  three-inch  gun,  in  which  the 
candidates  were  thoroughly  drilled.  Three  minor  courses,  in 
"Artillery  Defense,"  which  was  almost  entirely  the  War  Game; 
Map  Reading  and  Field  Fortification;  and  Minor  Tactics,  in 
which  a  certain  amount  of  information  from  the  front  in  France 
was  incorporated,  accompanied  the  courses  at  the  emplace- 
ments. The  sections  took  these,  also,  in  rotation,  so  that  the 
sequence  of  work  for  one  section  would  be  quite  different 
from  that  of  another.  After  these  three  nine-day  periods,  and 
in  fact  before  the  third  was  completed  (since  it  proved  necessary 
to  shorten  the  course  by  four  or  five  days)  there  came  a  rather 
miscellaneous  collection  of  minature  courses  in  mechanical 
maneuvers,  telephone  and  signalling,  gas  engines,  courts- 
martial,  and  paper  work. 

One  company  was  sent  for  part  of  its  mechanical  maneuvers 
to  a  twelve-inch  gun  lying  in  a  cradle  of  skids  back  of  Bat- 
tery Parrot.  One  after  another,  the  section-leaders  were 
given  a  chance  to  show  what  they  could  do  in  moving  that 
gun  a  few  inches  out  of  its  cradle.  One  after  another  they 
tackled  the  problem,  lining  their  sections  up  on  the  stout 
rope  that  was  provided;  one  after  another  they  failed  to  do 
more  than  rock  the  gun  back  and  forth  a  little.  Then  the 
instructor  took  charge,  with  some  annoyance  in  his  manner, 
and  himself  lined  up  a  section,  applying  the  rope  according  to 
his  own  ideas,  and  giving  the  command  "Heave"  with  much 
authority.  Unfortunately  the  rope  promptly  broke.  The 
demonstration  was  tactfully  changed  into  a  general  tug  of 
war,  and  section  pulled  section  till  the  period  was  over. 

The  embryonic  course  in  administration  consisted  of  a 
very  few  lectures.  There  was  only  the  most  casual  exhibition 
of  army  forms,  and  no  examination.  Part  of  the  time  was 
devoted  to  instruction  in  the  proper  method  of  fitting  recruits 
with  shoes,  part  to  advice  on  what  sort  of  equipment  officers 
should  buy — which  advice  proved  wholly  disastrous  to  those 
who  accepted  it. 

Target  Practice 

There  may  have  been  some  uncertainty  as  to  the  way 
in  which  the  Coast  Artillery  would  handle  its  task  in  France, 
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and  the  predisposition  of  the  School  in  favor  of  the  Coast 
Artillery  methods  of  mechanical  computation  may  have 
hindered  the  adaptation  of  instruction  to  Western  Front 
conditions,  but  the  enthusiastic  way  in  which  the  target  prac- 
tice of  the  first  camp  was  made  to  simulate  firing  in  France  was 
ample  evidence  of  the  determination  of  the  camp  to  do  the  best 
possible  with  wholly  inadequate  facilities.  Colonel  Foote 
had  said,  **We  propose  to  use  whatever  guns  we  can  get,  big 
or  little,"  and  the  First  Camp  accordingly  did  its  work  on 
3-inch  field  pieces  and  the  regular  seacoast  armament  of  Fort 
Monroe,  Not  till  months  later  were  any  heavy  field  guns 
available. 

This  ten-day  firing  practice,  in  the  words  of  the  report 
which  describes  it,  was  believed  to  be  "the  first  actual  firing 
on  heavy  guns  in  this  country  according  to  the  system  now 
generally  in  use  in  Europe,  making  use  of  airplanes  and  kite 
balloons  for  the  observation  of  fire,  and  disregarding  all  methods 
whose  application  is  restricted  to  the  use  of  fortress  artillery." 
Targets  were  located  by  a  hectometric  grid,  the  battery 
oflTicers  using  a  British  firing  board.  Battery  Eustis  made  a 
hit  the  first  shot  and  all  the  heavy  batteries  placed  their  first 
shots  very  close  to  the  target. 

Quoting  the  oflTicial  report  further: 

"The  methods  in  use  by  the  Allied  heavy  artillery  in  France 
today  vary  only  in  detail  from  the  methods  which  have  been 
used  by  the  United  States  Coast  Artillery  for  years.  The 
underlying  principles  are  identical,  and  the  variations  in  the 
details  of  their  application  are  astonishingly  small.  The 
fundamentals  of  heavy  artillery  gunnery  remain  the  same 
whether  the  fire  is  directed  over  water  or  land.  The  problem 
for  land  batteries  is  somewhat  more  simple,  in  that  seacoast 
batteries  are  compelled  to  use  a  system  of  fire  direction  which 
will  allow  them  to  attack  targets  moving  at  the  utmost  speed 
of  modern  naval  ships.  .  .  .  The  indirect  method  of  fire  is 
habitually  practiced  by  Coast  Artillery  against  moving  tar- 
gets, as  in  the  use  of  seacoast  mortars;  a  better  preparation 
for  "map  switches"  could  hardly  have  been  devised. 

"In  preparation  for  this  firing,  the  Coast  Artillery  School 
was  favored  in  receiving  the  advice  and  assistance  of  several 
officers  of  the  French  and  British  artillery,  and  Flying  Corps, 
who  added  materially  to  the  information  which  had  been 
gained  from  the  publications  and  translations  furnished  by 
the  War  College.     Advantage  was  taken  of  this  opportunity 
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to  test  during  actual  firing  some  of  the  instruments  recently 
devised  by  the  Coast  Artillery  for  the  direction  of  fire  of 
heavy  guns  in  the  field,  such  as  the  T-O-B  clock,  the  deflection 
corrector,  and  the  T-A-B  clock  (a  modification  of  the  British 
aerial  observers'  clock)  which  was  tested  in  comparison  with 
the  French  artillery  system  of  signalling  the  deviations  ob- 
served from  aircraft.  ...  A  kite  balloon  was  available  for 
observation  during  part  of  the  firing,  and  considerable  prac- 
tice was  afforded  in  the  observation  of  artillery  fire  from 
simulated  "forward  observing  posts,"  with  ranging  upon  an 
oblique  line  of  observation.  Some  interesting  experience 
was  also  obtained  in  the  attempt  of  aircraft  to  locate  a  camou- 
flaged battery  while  the  latter  was  in  action. 

PREPARATION  FOR  THE  FIRING 

**Since  there  were  available  no  heavy  guns  other  than  the 
seacoast  armament,  (except  for  a  few  5-inch  siege  rifles  and 
7-inch  howitzers,  none  of  which  were  equipped  for  indirect 
laying),  it  was  evident  that  the  actual  firing  must  take  place 
from  the  seacoast  armament.  Steps  were  accordingly  taken 
to  utilize  these  guns  and  mortars  in  such  a  fashion  as  to  accur- 
ately simulate  field  conditions.  Artillery  boards  of  the 
British  pattern  were  improvised,  upon  which  each  battery 
commander  located  the  position  of  his  battery  by  plane  table 
resection.  A  *grid'  of  the  available  target  area  was  pre- 
pared and  all  targets  indicated  and  ranges  obtained  by  the 
means  in  customary  use  among  the  Allies'  artillery. 

Practices 

**A11  firing  during  this  period  was  held  by  indirect  laying. 
In  the  case  of  those  seacoast  guns  to  which  panoramic  sights 
could  not  be  attached,  the  pieces  were  laid  in  direction  by 
means  of  the  azimuth  circle.  Targets  were  assigned  to  the 
battery  by  means  of  the  grid  system,  the  exact  location  being 
designated  by  the  co-ordinates  of  the  selected  point  in  the 
grid  square  assigned. 

Aeroplane  Observation 

**Airplanes  were  present  during  the  firing  of  each 
heavy  gun  and  mortar  battery;  one  machine  was  used  for 
spotting  and  the  others  observed.  All  communication  to 
the  ground  was  by  radio,  and  was  received  by  a  field  wire- 
less set  temporarily  installed  at  the  battery  firing. 


IN 
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"For  communication  of  messages  from  the  battery  to  the 
airplane,  a  system  of  'ground  signals'  was  used,  according 
to  the  method  described  in  the  instructions  issued  by  the 
French  General  Staff,  G.  H.  Q.  of  the  Armies  of  the  North  and 
East,  dated  January  19,  1917. 

Practice  in  Ranging  on  the  Line  of  Observation 

"For  Battery  Irwin,  (3-inch  seacoast  guns),  forty  rounds  of 
ammunition  were  available,  and  for  this  reason  this  battery 
was  selected  for  practice  in  registering,  map-switches  and  the 
use  of  the  T-O-B  clock  in  ranging  on  the  line  of  observation. 
Indirect  fire  was  used  here,  as  with  all  other  batteries;  panora- 
mic sights  taken  from  the  field  guns  were  attached  to  the 
seacoast  carriages  by  improvised  mountings. 

Artillery  Practice 

"The  method  of  emplacing  the  field  guns  was  that  most 
recently  adopted  in  France  for  the  concealment  of  their  75  mm. 
pieces.  The  guns  were  not  dug  in,  but  were  merely  concealed 
from  overhead  observation.  The  location  assigned  the  bat- 
tery was  on  a  sandy  beach,  sparsely  covered  with  bunches  of 
grass.  For  the  purpose  of  concealment,  a  frame  was  con- 
structed over  the  guns,  and  across  the  top  of  this  was  stretched 
chicken-wire.  This  was  covered  with  burlap,  daubed  with 
paint  to  the  color  of  the  sand,  and  to  this  were  attached  at 
suitable  intervals  bunches  of  excelsior  painted  the  color  of 
the  adjacent  grass  tufts.  Irregular  holes  were  cut  in  the 
burlap,  and  a  back  curtain  of  similar  construction  was  added. 
All  slopes  were  made  at  angles  not  exceeding  30  degrees  with 
the  ground  level.  The  muzzles  of  the  guns  were  painted  sand 
color,  with  large  patches  of  blue  and  brown. 

"During  the  firing  of  this  battery,  four  airplanes  from 
Langley  Field,  Virginia,  informed  of  its  approximate  location, 
attempted  to  locate  it  definitely.  Lieutenant  LaMaitre, 
an  experienced  aviator  of  the  French  Army  was  one  of 
the  observers.  During  the  half  hour  allotted  to  this  part 
of  the  problem,  the  battery  was  fully  manned,  but  refrained 
from  firing  during  such  periods  as  any  of  the  aircraft  were  in 
a  favorable  position  to  observe.  All  the  planes  came  over  at 
about  7000  feet,  and  gradually  descended  to  a  position  not 
far  above  the  battery.  They  reported  that  they  were  unable 
to  detect  its  position  until  after  the  expiration  of  the  half 
hour  assigned,  after  which  time  the  precautions  for  conceal- 
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men!  had  been  discontinued,  men  had  walked  around  the 
battery,  and  firing  had  been  carried  on  without  regard  to  the 
position  of  aerial  observers.  The  flashes  of  the  guns  could 
then  be  seen.  On  the  following  day,  another  flight  over  the 
battery  was  made  by  a  French  officer,  but  on  this  occasion 
the  battery  could  not  be  seen  at  all. 

Results  of  the  Practice 

"The  most  striking  feature  connected  with  the  practice 
was  the  illustration  of  the  ease  of  conversion  of  our  coast 
artillery  system  of  fire  direction  to  the  system  universally 
adopted  abroad.  The  system  which  has  been  perfected  after 
three  years  of  warfare  in  Europe  is  practically  identical  with 
that  which  had  been  in  use  in  our  coast  artillery  since  1904, 
with  some  slight  modifications  and  refinements  which  relate 
principally  to  meteorological  corrections  and  the  utilization 
of  aircraft  for  the  observation  and  correction  of  fire. 

"During  the  practice  period,  it  was  found  feasible  to  fill 
any  existing  gaps  in  our  mobile  artillery  equipment  by  the 
substitution  of  the  corresponding  seacoast  instrument.  Thus, 
due  to  a  shortage  of  Elevation  Slide  Rules,  C.A.B.  Model  of 
July  1,  1917,  it  was  necessary  to  substitute  for  the  heavy  guns 
a  Pratt  Range  Correction  Board,  Model  of  1905.  No  confusion 
was  caused  by  this,  however,  for  the  latest  development  for 
the  use  of  the  mobile  artillery  is  identical  in  principle  with 
the  seacoast  range  correction  device  which  has  been  in  con- 
tinual use  during  the  past  twelve  years. 

"In  view  of  the  fact  that  most  of  the  candidates  had  but 
about  six  or  seven  weeks  of  artillery  instruction,  and  no  pre- 
vious experience  along  such  lines,  the  success  of  this  firing  is 
felt  to  be  most  encouraging.  It  is  believed  that  the  unusual  level 
of  intelligence  of  the  candidates  contributed  in  no  small  man- 
ner to  the  good  results  obtained.  In  view  of  the  high  character 
of  the  personnel,  it  is  most  regretable  that  no  more  suitable 
material  was  available  for  their  instruction.  To  experienced 
officers,  with  a  thorough  understanding  of  what  was  intended, 
the  simulation  of  and  substitution  for  the  actual  means  and 
methods  which  are  to  be  used  later  was  fairly  convincing, 
but  to  a  novice  the  demonstration  must  have  been  far  less 
satisfactory.  It  is  impossible  to  exaggerate  the  great  value 
which  would  have  been  derived,  had  the  camp  been  equipped 
with  a  single  piece  of  modern  heavy  field  artillery,  or  an 
actual  railway  mount  for  one  of  the  heavy  guns.     It  is  earnestly 


18  JOURNAL   U.    S.    ARTILLERY 

to  be  hoped  that  inasmuch  as  practically  all  the  candidates 
attending  these  camps  are  destined  to  serve  with  mobile 
heavy  guns  or  howitzers  in  the  field,  that  for  the  training  of 
the  second  and  subsequent  classes  there  may  be  provided  at 
least  a  specimen  of  the  type  of  weapon  with  which  they  must 
necessarily  be  equipped." 

This  appeal  for  materiel  of  a  sort  which  would  make  the 
instruction  fit  the  task  of  the  Coast  Artillery  was  to  be  re- 
echoed in  the  time  of  the  "second  and  subsequent  classes." 
But  the  ordnance  output  of  the  United  States  was  more  than 
overstrained  by  the  necessities  of  the  fighting  program,  and 
materiel  for  instruction  was  slow  in  coming. 

On  August  15  the  graduates  of  the  camp,  766  out  of  a 
total  of  1216  candidates,  were  commissioned.  Two  hundred 
of  these  were  offered  and  accepted  provisional  commissions  in 
the  Regular  Army  (Cost  Artillery  Corps).  The  others  were 
commissioned  chiefly  in  the  Coast  Artillery  Reserve  Corps, 
both  age  and  attainments  being  taken  into  consideration  in 
the  award  of  rank.  The  number  of  captains  was  137,  first 
lieutenants  103,  second  lieutenants  326. 

Two  hundred  officers  were  sent  overseas  at  once,  about 
fifty  were  detailed  as  instructors  and  about  twenty-five  for 
company  officers  in  the  second  camp;  the  rest  were  sent  to 
the  Coast  Defenses. 

Second  Training  Camp 

As  the  military  program  of  the  United  States  began  to 
develop,  it  soon  became  obvious  that  a  second  series  of  train- 
ing camps  for  civilian  candidates  for  reserve  commissions 
would  be  needed.  The  revised  Special  Regulations  No.  49, 
published  on  August  15,  1917,  showed  some  important  dif- 
ferences in  plan  between  the  first  and  second  series,  though 
in  broad  outline  they  were  alike.  The  uniform  * 'First  Period" 
for  candidates  in  all  branches  of  the  service  was  abandoned. 
Separate  courses  for  Infantry,  Cavalry,  and  Field  Artillery 
were  arranged,  and  while  the  Coast  Artillery  contingents 
were  to  take  a  four  weeks  course  of  instruction  with  the  in- 
fantry, they  were  from  the  beginning  of  the  camp  organized 
into  separate  companies.  The  camp  commander,  assisted 
by  the  senior  instructor,  was  to  divide  the  student  personnel 
between  the  arms  of  the  service  at  the  beginning  of  the 
course. 
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Accordingly  the  "First  Company,  Fort  Monroe  Training 
Camp"  was  established  at  Plattsburg,  the  Second  Company 
also  at  Plattsburg,  the  Third  at  Fort  Niagara,  the  Fourth  at 
Fort  Myer,  the  Fifth,  Sixth,  and  Seventh  at  Fort  Oglethorpe, 
the  Eighth  and  Ninth  at  Fort  Benjamin  Harrison,  the  Tenth, 
Eleventh,  and  Twelfth  at  Fort  Sheridan,  and  the  Thirteenth 
at  Fort  Snelling.  The  First  Company,  Fort  Winfield  Scott 
Training  Camp,  was  established  at  Leon  Springs,  the  Second 
and  Third  Companies  at  the  Presidio  of  San  Francisco. 

In  dividing  the  candidates  between  the  branches  of  the 
service,  the  proportions  used  were  0.667  for  Infantry,  0.294 
for  Artillery,  0.029  for  Cavalry.  "The  division  of  the  Artillery 
between  field  and  coast"  according  to  Special  Regulations  No. 
49,  was  "an  arbitrary  one  based  on  present  availability  of 
facilties  and  equipment  for  training  coast  artillery  candidates." 
The  total  assigned  to  Coast  Artillery  from  all  camps  was  1400. 
*The  Coast  Artillery  companies,  equipped  as  Infantry,  will 
be  given  their  first  four  weeks  of  training  (Infantry)  at  the 
camps  to  which  they  first  report.  Their  further  training  will 
be  for  the  Leon  Springs  and  Presidio  of  San  Francisco  companies, 
at  Fort  Winfield  Scott;  for  all  other  companies,  at  Fort  Monroe, 
and  under  such  instructions  and  regulations  as  may  be  pre- 
scribed by  the  Chief  of  Coast  Artillery." 

To  each  of  the  training  companies  destined  to  complete 
their  work  at  Fort  Monroe  were  sent  a  captain  and  two  lieu- 
tenants (the  latter  graduates  of  the  First  Camp)  from  Fort 
Monroe.  The  infantry  instruction  and  preliminary  training 
of  these  candidates  was  thus  in  the  hands  of  Coast  Artillery 
officers. 

The  infantry  instruction  which  the  Coast  Artillery  candi- 
dates shared  had  been  modified,  since  the  First  Camp,  by  a 
great  increase  in  the  amount  of  attention  given  to  trench 
warfare.  During  the  second  and  third  weeks  of  the  course 
there  were  nine  hours  instruction  in  the  use  of  hand  and  rifle 
grenades  and  the  training  and  employment  of  bombers.  The 
fourth  week  was  given  over  to  the  construction  of  fortifications 
and  trench  warfare,  the  entire  command  occupying  the  trenches 
for  two  days,  under  simulated  battle  conditions. 

While  the  candidates  of  the  Second  Camp  were  receiving 
this  training  about  fifty  instructors  recruited  from  the  gradu- 
ates of  the  First  Camp  were  taking  a  rigorous  normal  course 
to  prepare  for  the  work  of  the  two  months  at  Fort  Monroe. 
Obviously  the  Coast  Artillery  could  not  afford  to  detain  as 
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instructors  a  sufficient  number  of  Regular  officers  to  man 
the  whole  camp.  It  was  therefore  necessary  to  build  up  an 
instruction  staff  out  of  the  new  officers  and  to  renew  this  at 
the  end  of  each  training  camp  so  that  the  doubly  trained 
officers  of  the  "faculty"  might  be  progressively  released  for 
overseas  service.  This  theory  was  maintained  throughout 
the  successive  camps,  though  as  a  matter  of  practice  there 
were  many  officers  whose  efficiency  as  instructors  and  in 
administration  of  the  School,  led  to  their  being  retained 
during  several  camps  or  even  up  to  the  bitter  end. 

The  call  for  real  heavy  artillery  materiel  to  work  with, 
which  had  been  made  in  the  report  of  the  First  Camp  target 
practice,  was  repeated  by  the  new  commandant.  Major  E.  J. 
Wallace,  about  a  week  before  the  Second  Camp  assembled. 
On  September  14,  1917,  he  wrote  the  Adjutant  General  cit- 
ing the  program  which  had  been  officially  laid  down  for  the 
Coast  Artillery  in  France,  and  continuing: 

"The  fact  that  necessity  exists  for  manning  oversea  coast 
fortifications  and  the  mine  defenses  of  the  United  States  with 
regular  troops  indicates  that  these  defenses  are  to  be  maintained 
at  their  maximum  state  of  efficiency  and  that  the  majority 
of  officers  assigned  to  such  duty  will  be  more  experienced  than 
those  now  in  the  Reserve  Corps,  and  therefore  the  large 
majority  of  reserve  officers  trained  here  will  be  eventually 
assigned  to  duty  with  artillery  in  the  field. 

"In  view  of  the  above  it  is  imperative  that  in  addition  to 
training  in  coast  artillery  methods  and  materiel,  the  best 
possible  instruction  in  heavy  field  artillery  materiel  and 
methods  of  fire  control  be  given  at  this  camp." 

He  recommended,  therefore,  that  two  heavy  guns,  pref- 
erably French  155  mm.  long,  be  secured,  with  ammunition 
for  training  1400  men;  that  a  French  officer  of  artillery  be 
secured  as  instructor;  and  that  at  least  four  Coast  Artillery 
officers  be  sent  to  France  for  instruction,  two  to  heavy  and 
railway  guns,  two  to  anti-aircraft  batteries.  These  recom- 
mendations bore  fruit  later — but  not  before  several  hundred 
more  candidates  had  been  trained  with  the  inadequate  facilities 
then  at  the  disposal  of  the  School. 

September  22  found  1277  candidates  on  hand  to  begin 
their  two  months'  artillery  course.  The  Coast  Artillery 
officers  who  had  commanded  most  of  them  at  the  general 
camps  returned  with  them.  In  addition  to  the  candidates 
from  the  divisional  camps,  there  were  126  provisional  second 
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lieutenants  who  had  been  commissioned  from  civil  life  after 
examination,  but  who  had  not  received  the  equivalent  of  a 
Fort  Monroe  training  course,  and  about  fifty  enlisted  men 
from  the  Regular  Army. 

While  the  instruction  was  amplified  in  several  important 
respects  the  arrangement  of  courses  and  the  general  scope  of 
the  training  was  much  like  that  of  the  First  Camp.  Particular 
development  will  be  noted  later  as  the  history  of  each  depart- 
ment is  traced.  The  courses  were  as  follows:  Mortars  (Ser- 
vice of  the  Emplacement,  Materiel),  Major  Caliber  Guns 
(Service  of  the  Emplacement,  Materiel),  Map  Reading  and 
Field  Fortification,  Coast  Artillery  and  Mobile  Artillery 
Gunnery  and  Ammunition,  Artillery  Defense  and  Fire  Control 
and  Direction,  Mechanical  Maneuvers,  Telephones  and  Signal- 
ling, Administration  and  Mobile  Artillery.  To  the  War 
Game  instruction  in  the  course  called  "Artillery  Defense" 
had  been  added  new  material  from  British  and  French  sources 
which  had  been  published  in  the  various  pamphlets  of  Field 
Artillery  NoteSy  with  the  T-A-B  and  T-O-B  clocks.  Adminis- 
tration had  been  expanded  to  a  fairly  inclusive  course  of  24 
lessons  on  Army  Regulations  and  Courts-Martial. 

By  the  side  of  the  highly  organized  curriculum  of  the 
latter  camps  these  first  courses  seem  rather  numerous  and 
not  very  well  defined.  The  magnificent  title  "Coast  Artillery 
and  Mobile  Artillery  Gunnery  and  Ammunition"  masked 
the  course  which  has  now  become  Gunnery,  but  it  included 
also  some  matters,  involving  seacoast  armament  and  ammuni- 
tion generally,  now  handled  under  the  head  of  Materiel.  Map 
Reading  and  Field  Fortification  has  grown  into  the  present 
course  on  Orientation  and  Field  Fortification.  Administra- 
tion has  developed  logically  and  without  marked  alteration. 
Telephones  and  Signalling  fell  by  the  wayside.  Mechanical 
Maneuvers  came  under  the  wing  of  Materiel.  The  remaining 
courses.  Artillery  Defense  and  Fire  Control  and  Direction, 
and  Mobile  Artillery,  contained  some  matter  that  has  been 
entirely  abandoned,  some  that  has  gone  over  into  the  course 
in  theoretical  Gunnery,  some  Materiel  and  a  trace  or  two  of 
Orientation.  The  whole  curriculum  needed  overhauling,  but 
it  testifies  to  the  experimental  nature  of  the  work  that  was 
done  at  home  while  the  Coast  Artillery  Corps  was  struggling 
with  its  new  problem  and  the  American  armies  were  just 
beginning  to  get  into  France. 

The  work  of  the  Coast  Artillery  Training  Camp  was  sharply 
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challenged  oa  October  27,  1917,  by  Geoerat  Persbing,  who 
cabled: 

Fifty  per  ceol  (A  the  officen  of  the  OScere'  Reserve  Corps.  Coast  Artillery, 
viw  have  bem  assigned  to  the  heav}'  artillery  are  so  lacking  in  elementary 
mathematical  education  as  to  gi^-T  Ultle  promise  that  their  snviccs  will  be 
erf  practical  value  to  the  heav>-  artil!er>-  s«r\-ire  in  France.  Request  that  in 
fnture  officers  who  an  without  a  working  knowledge  of  geometry,  plane 
trigcHionietry-  snrvejing.  and  the  use  of  logarithms  be  excluded  from  those 
sent  to  France  for  dut>-  with  the  heav\-  artillery- — Pershing. 


IT 


Since  it  was  manifestly  impossible  to  teach  the  fundamental 
mathematics  during  the  crowded  three  months  of  the  train- 
ing course,  the  deficiency  to  which  General  Pershing  called 
attention  had  to  be  corrected  by  a  more  exacting  selection  of 
candidates — or  not  at  all.  The  Commandant  of  the  Training 
Camp  remarked  in  a  letter  following  the  cablegram  that  before 
the  opening  of  the  second  camp  "every-  effort  was  made  to 
procure  the  attendance  of  only  such  candidates  as  were  thor- 
oughly grounded   in   elementary   mathematics.     The   candi- 
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dates  received  from  some  of  the  training  camps  were  carefully 
selected  in  this  respect,  but  unfortunately  this  is  not  true  of 
the  candidates  from  all  camps." 

Once  men  without  suflTicient  methematics  were  in  the 
training  camp,  what  was  to  be  done  with  them?  The  Com- 
mandant suggested  that  since  there  were  in  the  second  camp 
men  so  handicapped  who  were  "excellent  material  for  officers 
in  other  branches  of  the  service"  and  it  was  not  thought  "that 
the  services  of  these  men  should  be  lost  to  the  country,"  they 


should  be  admitted  to  the  third  series  of  general  camps.  The 
War  Department  did  not  approve  this,  but  authorized  the 
Coast  Artillery  Training  Camp  Board  to  recommend  such 
men  for  commissions  in  the  infantry,  and  accordingly  at  the 
end  of  the  Second  Camp  two  first  lieutenants  and  17  second 
lieutenants  of  Infantry  were  graduated  from  Fort  Monroe. 
In  later  camps  many  men  similarly  situated  were  merely 
sent  back  to  their  coast  defenses. 

Altogether  818  new  commissions  were  given  at  the  end  of 
the  Second    Camp,   on  November  26.  1917.     Of  these,  147 
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were  as  Captain,  338  as  first  lieutenant,  and  the  rest  as  second 
lieutenanL  A  hundred  men  were  sent  overseas  at  once;  the 
greater  part  of  the  class,  as  in  the  First  Camp,  went  to  the  coast 
defenses,  to  train  recruits  and  organize  overseas  units. 

Tai^t  practice  at  the  end  of  the  Second  Camp  was  in 
charge  of  the  instructors  in  seacoast  materiel,  each  company 
being  assigned  to  a  battery.  The  Gunnery  Department 
furnished  a  corps  of  instructors  to  take  data  and  make  analyses. 
The  firing,  like  that  of  the  First  Camp,  was  arranged  to  simu- 
late what  was  known  of  Western  Front  methods.  An  adapta- 
tion of  the  British  grid  system  was  used,  with  airplane  and 
balloon  observation.  'All  the  batteries  except  DeRussy  fired 
at  fixed  targets.  Battery  DeRussy  was  fired  at  a  moving 
target  and  hit  it.  The  target,  a  triangular  white  flag  just 
visible  on  the  horizon  at  a  range  of  about  13,000  yards,  was 
knocked  out  of  the  water  on  the  fourth  salvo.  The  Battery 
Conunander  called  his  method  of  Adjustment  "Case  IV"  and 
let  it  go  at  that.  The  guns  were  already  "in  battery"  for  the 
next  salvo  before  the  absence  of  the  target  was  verified,  where- 
upon the  smallest  candidate  in  camp,  stripped,  crawled  into 
the  powder  chamber,  and  removed  the  baseplugs  so  that  the 
projectiles  could  be  withdrawn.  Various  problems  of  a  heavy 
field  battery  were  illustrated  at  the  three-inch  seacoast  battery. 

At  the  end  of  the  camp  some  of  the  instructors  were  formally 
attached  to  the  Staff  of  the  Coast  Artillery  School,  but  the 
whole  teaching  force  was  not  given  this  status  till  the  reorgan- 
ization which  preceded  the  Fourth  Camp. 

The  Third  Camp 

Meanwhile  the  Coast  Artillery  Corps  as  a  whole  was  being 
greatly  enlarged.  A  memorandum  from  the  Chief  of  Staff 
dated  November  1,  1917,  directed  the  formation  of  Training 
Units,  Coast  Artillery  Corps,  National  Army,  and  stated  that 
the  Coast  Artillery  Corps,  N.  A.  would  be  "progressively 
increased,  to  begin  immediately,  to  approximately  70,721 
officers  and  enlisted  men  in  each  army  of  the  American  Expedi- 
tionary Forces  in  Europe." 

These  recruits  must  be  made  to  yield  their  quota  of  officer 
material,  just  as  the  cantonments  were  doing  for  other  arms. 
Accordingly,  in  a  letter  from  the  Adjutant  General  of  the 
Army,  October  30,  1917,  it  was  provided  that  a  Board  of 
Officers  should  sit  at  each  Coast  Defense  to  select  qualified 
enlisted  men  for  training  at  Fort  Monroe.    The  Coast  Artillery 
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Training  Camps  were  standardized  by  the  same  instructions. 
Camps  of  three  months  each  were  to  begin  on  the  first  Saturday 
of  January,  April,  July,  and  October,  1918,  ending  on  the  last 
Wednesday  of  March,  June,  September,  and  December.  Suc- 
cessful candidates  were  to  be  commissioned  second  lieutenants, 
no  higher  rank  being  given.  Unsuccessful  candidates  were 
to  be  returned  to  duty  with  their  organizations. 

The  Second  Camp  had  ended  on  November  22.  During 
the  month  of  December  about  250  provisional  second  lieu- 
tenants commissioned  from  civil  life  were  on  duty  at  Fort 
Monroe,  receiving  a  month's  infantry  training  before  entering 
the  artillery  camp.  They  were  joined  on  January  5  by 
about  350  candidates,  enlisted  men  from  the  Coast  Defenses, 
the  total  enrollment  of  the  camp  being  613.  Of  the  350 
enlisted  men,  not  more  than  50  were  professional  soldiers. 
Among  this  group  were  many  men  of  long  service  with  the 
Coast  Artillery,  botR  non-commissioned  staff  officers  and 
others.  The  other  300  were  men  who  had  enlisted  after  the 
the  entry  of  the  United  States  into  the  war,  or  had  been  drafted 
into  Federal  service  with  units  of  the  Coast  Artillery  National 
Guard.  Some  of  the  provisional  second  lieutenants  had  been 
drifting  from  camp  to  camp  while  the  training  system  was 
gradually  working  itself  out.  Some  of  the  old  service  men 
were  letter  perfect  on  drill  but  not  particularly  adaptable. 
It  was  a  harder  lot  of  men  to  teach  than  the  enthusiasts  of 
the  First  and  Second  Camps. 

The  Third  Camp  was  a  small  one,  but  nobody  who  expe- 
rienced the  temperatures  which  characterized  the  winter  of 
1917-18  wonders  that  even  the  muster  roll  contracted.  The 
Bay  froze  over.  At  the  batteries  the  command  "remove — 
ice  I"  had  to  be  injected  into  the  proceedings  before  the  guns 
could  be  tripped.  The  candidates  quartered  in  the  long 
barracks,  who  had  to  brave  the  outer  air  to  reach  the  wash- 
houses,  wasted  no  water.  A  certain  section  was  scheduled 
to  study  a  seacoast  battery  for  thirteen  days;  on  all  but  two 
the  guns  were  effectively  camouflaged  by  blizzards  and  storms. 

While  the  camp  uniform  was  the  same  at  this  time  as 
before  and  after,  some  concession  had  to  be  made  to  the 
numerous  provisional  second  lieutenants  on  the  post.  They 
were  allowed  to  wear  their  insignia  and  uniform  when  leaving 
the  barracks  for  the  week-end;  during  working  days  they 
dressed  and  lived  as  enlisted  men. 

The  curriculum  showed  some  development  from  that  of 
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the  Second  Camp,  but  was  fundamentally  unchanged.  The 
courses  bore  the  same  names  and  had  the  same  general  scope. 
Aside  from  the  existing  Army  handbooks,  the  C.A.D.R., 
Gunners'  Instructions,  Army  Regulations,  and  the  like,  no 
comprehensive  text-books  had  been  provided.  A  number  of 
pamphlets,  including  Field  Artillery  Notes,  translations  from 
the  French,  hasty  compilations  from  British,  French,  and 
American  sources,  were  used  in  the  courses  which  together 
covered  the  ground  now  divided  between  Gunnery  and  Mate- 
riel. The  Training  Manual  in  Topography,  Map  Reading  and 
Reconnaissance  was  the  backbone  of  the  reading  course  in 
Topography,  but  there  was  no  text  covering  the  whole  field 
of  Orientation  for  Heavy  Artillery.  The  student  was  not  so 
completely  dependent  upon  lecture  notes  as  he  had  been  in 
the  First  Camp,  but  he  still  lacked  the  help  which  the  Mimeo- 
graph Department  was  later  to  furnish.  Final  examinations 
were  given,  without  the  frequent  prelitninary  quizzes  which 
have  become  characteristic  of  Fort  Monroe  methods.  "Ap- 
proved solutions"  were  unknown. 

II 

REORGANIZATION 

In  the  middle  of  February  General  Sunderland  (then 
Lieutenant-Colonel)  and  Colonel  Welshimer  (then  Major), 
who  had  been  on  duty  at  the  Heavy  Artillery  School  of  the 
American  Expeditionary  Forces  at  Mailly-le  Camp,  returned 
to  Fort  Monroe.  With  them  came  Captain  Georges  Charruey 
and  Lieutenant  Pierre  Villemer,  of  the  French  Artillery.  In 
March  there  also  arrived  the  8-inch  howitzers  and  6-inch 
wheel  mount  guns  for  which  successive  commandants  had 
been  praying.  Thus  the  School  gained  almost  at  one  stroke 
the  American  officers  who  had  become  familiar  with  French 
methods,  the  French  officers,  and  the  heavy  mobile  materiel, 
which,  as  Major  Wallace  had  pointed  out  six  months  before, 
were  essential  to  the  successful  conduct  of  a  heavy  artillery 
training  camp  at  Fort  Monroe. 

Things  began  to  happen  immediately.  The  course  in 
Topography  was  the  first  to  feel  the  effect  of  the  mass  of 
information,  in  translation  and  out  of  it,  in  print  and  at  the 
finger's  end,  which  these  four  officers  brought.  Half  the 
camp  had  finished  its  work  in  this  subject,  the  other  half  was 
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just  beginnmg.  All  classes  were  given  a  hastily  improvised 
course  of  twelve  one-hour  periods  into  which  was  crowded  as 
much  of  the  French  technique  of  orientation  as  could  be 
mastered  by  the  instructors  over  night  and  taught  to  candi- 
dates in  the  morning.  Indeed  the  Topography  department 
had  the  long  end  of  the  job  of  readjustment,  for  as  the  whole 
course  was  readjusted  it  became  evident  that  their  subject 
must  logically  be  given  at  the  beginning  of  the  three  months' 
curriculum,  so  that  they  had  no  interval  in  which  to  orient 
themselves  before  the  Fourth  Camp  began. 

It  was  different  with  Gunnery.  It  had  been  observed 
that  under  the  rotary  system  under  which  the  courses  had 
been  given,  those  sections  which  happened  to  study  the  guns 
and  mortars  before  they  took  up  theoretical  ballistics  made  a 
much  better  showing  in  the  latter  work  than  those  which  re- 
versed the  process.  That  was  natural  enough;  a  man  who  has 
seen  a  gun  and  the  things  that  make  a  gun  work,  and  has  famil- 
iarized himself  with  the  special  case  of  fire  control  represented 
by  the  plotting  room  and  observing  stations  of  the  seacoast 
batteries,  is  much  better  fiitted  to  understand  the  trajectory 
and  the  ballistic  coefficient,  adjustment  and  dispersion,  than 
one  who  is  innocent  of  theory  and  practice  alike.  It  was 
therefore  decided  to  postpone  all  instruction  in  theoretical 
Gunnery  until  the  latter  half  of  the  course,  so  that  all  candid- 
ates could  first  be  taught  Orientation  and  Materiel — both  pre- 
liminary to  the  Battery  Commander's  problem.  This  gave  the 
Gunnery  department  a  considerable  interval  between  the  end 
of  their  work  in  the  Third  Camp  and  the  beginning  of  the  new 
course  in  the  Fourth.  Gunnery  for  Heavy  Artillery,  embrac- 
ing material  that  had  been  published  in  Notes  on  Ballistics, 
Reference  Notes  on  Gunnery  and  Anununition,  and  in  various 
bulletins  of  the  Heavy  Artillery  School  of  the  A.E.F.,  was  com- 
piled by  Captain  Meade  Wildrick  and  published  April  18,  in 
time  for  the  new  course. 

The  logical  reorganization  of  the  curriculum  put  an  end 
to  the  rotary  system,  and  except  for  some  minor  variations 
due  to  the  lack  of  materiel  and  equipment,  all  sections  followed 
the  same  sequence  of  courses  from  this  time  on.  The  scat- 
tering courses  of  the  First  and  Second  Camps  were  grouped 
under  a  firmer  administrative  control  by  the  organization  of 
four  distinct  departments:  Administration,  Gunnery,  Mate- 
riel and  Topography  (later  Orientation).  A  mimeograph 
department  was  established  to  create  a  supplementary  body 
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of  printed  matter  which  could  be  cheaply  and  quickly  pro- 
duced and  as  quickly  modified  to  keep  step  with  changing 
information  from  the  front.  Numerous  quizzes  with  "approved 
Solutions"  were  made  a  cardinal  feature  of  the  program.  The 
whole  work  of  the  camp  was  thus  reorganized,  simplified 
in  plan,  and  strengthened  in  content. 


Canoioatei  UllNa   TR*H(II     Oriehiatioh  ooudie  *"' 

After  the  special  lectures  in  Topography,  the  first  notable 
effect  of  the  new  regime  was  seen  in  the  target  practice  of  the 
Third  Camp.  Lieutenant  Villemer  assisted  in  arranging  the 
details.  The  Department  of  Topography  furnished  the  bat- 
tery commanders  with  the  co-ordinates  of  the  guns,  the  observ- 
ing stations,  the  aiming-points,  and  the  targets,  and  the  metero- 
logical  data  for  the  day  of  firing.  At  the  major  caliber  gun 
and  mortar  batteries  the  first  of  two  days'  firing  was  devoted  to 
bilateral  adjustment  with  balloon  observation  on  the  target 
direct.  The  second  to  adjustment  on  an  auxiliary  target,  fol- 
lowed by  aeroplane  adjustment  on  the  "unseen"  target.  A  plan- 
cheite  de  fir  was  prepared  for  each  battery  and  the  firing  data, 
computed  on  Forms  7  and  10  of  the  American  E.  F.  Heavy  Artil- 
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lery,  was  checked  in  this  way.  The  point  of  impact  chart, 
battery  sheets,  and  bracketing  came  into  their  own.  At 
the  3-inch  battery  a  complete  problem  was  solved,  the  prac- 
tical probable  error  was  determined,  fire  for  adjustment  was 
conducted  with  "esssai  fire"  and  "amelioration  fire"  and  fol- 
lowed by  "fire  for  effect."  The  coefficient  of  adjustment, 
Ko,  was  computed  at  all  the  batteries  and  was  used  in  sub- 
sequent firings.  In  one  case  unilateral  observation  was  tried, 
with  adjustment  by  bracketing  along  the  0-T  line. 

At  these  guns  the  following  problems  were  fired : 

1.  To  find  the  probable  error,  muzzle  velocity  and  bracket.    Ten  shots 
from  No.  1  gun. 

2.  Adjustment  of  battery — bilateral  observation.     Adjustment  by  suc- 
cessive approximations. 

3.  Adjustment  by  bracketing — sense  only  of  range  deviation  is  known. 
One  observing  station  only  near  battery. 

4.  Adjustment  by  bracketing — sense  only  of  deviation  is  known.     One 
observation  station  to  the  front  and  flank  of  the  battery. 

All  companies  also  fired  the  mountain  guns  from  the  bat- 
tery position  back  of  Phoebus,  using  field  methods.  The 
practice  was  highly  successful,  as  a  demonstration  of  genuine 
Heavy  Artillery  methods,  although  it  was  curtailed  by  bad 
weather. 

On  March  26  the  class  was  graduated.  There  were  202 
new  Second  Lieutenants,  and  245  provisional  Second  Lieu- 
tenants who  had  completed  the  course.  No  commissions  in 
higher  ranks  were  given.  The  total  of  447  was  much  smaller 
than  either  of  the  preceding  classes,  and  none  of  the  new  oflTi- 
cers  were  assigned  to  immediate  overseas  duty. 

The  Fourth  Camp 

The  Fourth  Camp  began  the  new  training  course  on  April 
6.  Colonel  F.  K.  Fergusson,  who  had  arrived  from  France, 
assumed  the  duties  of  Commandant  of  the  School,  with  Lieut.- 
Colonel  Sunderland  in  immediate  charge  of  the  Training  Camp 
and  OflTicers  School,  and  Major  Welshimer  as  Director  of  In- 
struction. For  the  first  time,  a  full  schedule  for  the  entire 
camp  and  a  definite  summary  of  the  course  were  published  in 
printed  form  for  the  use  of  candidates.  The  course  as  there 
outlined  was  as  follows : 
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Hours 
Gun.    Mat'].   Topog.  Admin. 

Theoretical  Gunnery 72 

Seacoast  Guns,  Drill  and  MaUriel 7        14 

Seacoast  Mortars.  Drill  and  Materiel.  ...       7        14 

Telephones  and  Field  Buzier 4 

Mechanical  Maneuvers 9 

Heavy  Artillery,  Drill  and  Mattel 18        36 

Topography  and  Map  Reading 54 

Field  Fortirication 27 

Army  Administration 


104 


77 


81 


52 


Twelve  days,  beginning  June  24,  [will  be  devoted  to  applied  gunnery 
and  practical  firing  problems.  Ten  hours  theoretical  and  practical  instruc- 
tion in  Gas  Defense  wiU  also  be  given,  during  the  month  of  April. 


1  Actual  Practice 


There  were  several  novel  features  in  this  course.  As  has 
already  been  said,  all  the  instruction  at  the  seacoast  batteries 
and  the  greater  part  of  the  work  in  Topography  were  given 
to  all  sections  before  they  began  Gunnery.  The  course  in 
"Heavy  Artillery"  makes  its  first  appearance.  It  had  always 
been  "Mobile  Artillery"  before,  and  had  been  based  on  the 
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3-inch  field  piece.  The  S-inch  howitzers  and  6-incb  guns 
which  had  been  received  too  late  for  use  in  the  Third  Camp 
were  now  available  to  link  up  the  instruction  in  Materiel  with 
Western  Front  conditions.  During  most  of  the  first  four 
weeks  of  the  camp,  some  section,  every  morning  and  afternoon, 
was  taking  an  hour  of  Administration  followed  immediately 
by  two  hours  of  Gas  Defense  I  Gas  Defense  at  Fort  Monroe 
was  itself  an  innovation,  dating  only  from  March  1918. 


In  Gunnery  the  fundamental  change  was  the  abandonment 
of  the  mechanical  device  theory  of  fire  control  and  the  substitu- 
tion of  plain  straight-forward  mathematical  computation.  To 
quote  Captain  Earl  W.  Thomson,  the  lecturer  on  Gunnery  in 
the  First  Camp  "always  apologized  for  introducing  sines  and 
cosines  accidentally,  now  and  then,  amid  deep  groans;  no  math 
was  required  of  anyone,  the  supposition  being  that  all  the 
processes  of  the  Heavy  Artillery  would  be  accomplished  by 
mechanical  apparatus  or  divine  Providence."  Among  the 
mechanical  devices  much  reliance  was  placed  on  a  compound 
slide  rule  corresponding  roughly  to  the  Pratt  Range  Board,  and 
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familiarly  known  as  the  "coflin-box."  Some  mathematical  fla- 
vor was  introduced  in  the  Second  Camp,  as  an  interesting  inno- 
vation, through  the  initiative  of  instructors  who  went  through 
the  normal  course  after  the  First  Camp.  But  the  Battery 
Sheet  was  still  a  novelty  at  the  end  of  the  Third  Camp,  and  it 
was  the  candidates  of  the  Fourth  Camp  who  first  faced  the 
daily  dose  of  logarithms  which  made  one  casualty  remark 
disgustedly,  as  he  reappeared  at  his  old  station,  that  "They 
just  wallow  in  'em,"     Whether  for  this  reason,  or  because  of 


a  fresh  tightening  of  the  ropes  all  around  after  the  general 
overhauling  of  the  camp,  the  Fourth  Camp  suffered  a  greater 
percentage  of  failures  than  any  other.  Only  63.6  per  cent  of 
the  candidates  received  commissions,  and  there  was  no  little 
concern  over  the  lessened  output,  since  officers  were  needed 
more  and  more. 

This  was  particularly  disappointing  because  the  War 
Department,  staking  the  future  of  the  School  on  the  quality 
of  the  officer  material  included  in  the  great  dragnet  of  the 
draft  and  voluntary  inductions,  had  issued  instructions  on 
February  20,  1918,  that  only  enlisted  men  were  to  be  admit- 
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ted  to  the  Fourth  Camp.  It  was  expected  that  this  rule  would 
be  strictly  maintained  in  all  succeeding  camps,  and  voluntary 
inductions,  even,  were  to  be  suspended  after  a  date  early  in 
April.  But  this  policy  failed  to  meet  the  strain  put  upon  it 
by  the  still  greater  expansion  of  the  Army  which  was  deter- 
mined upon  in  the  summer  of  1918,  and  the  camps  had  to  be 
thrown  open  later  to  civilians. 

Little  need  be  said  of  the  target  practice  in  this  camp.  In 
schedule  it  was  like  that  of  the  Third  Camp,  but  the  weather 
prevented  much  effective  work  and  most  of  the  firing  was 
done  by  correspondence  after  the  conclusion  of  the  Camp. 
When  the  guns  could  be  fired,  fixed  targets  located  by  a  simu- 
lated Lambert  grid  were  used.  At  Battery  Church,  practice 
with  new  range  tables  was  inaugurated.  This  experiment 
was  carried  further  after  the  Fifth  Camp. 

The  total  number  of  new  commissions,  464,  all  of  them  as 
second  lieutenants,  was  slightly  larger  than  the  output  of  the 
Third  Camp,  but  much  below  the  average.  One  hundred  men 
received  immediate  overseas  assignments. 

The  Fifth  Camp 

Before  the  Fifth  Camp  a  number  of  officers  had  been  ordered 
to  visit  various  callege^  on  a  tour  which  was  intended  to  stir 
up  interest  among  desirable  candidates.  The  trip  was  aban- 
doned when  they  had  barely  gotten  under  way,  but  even  their 
early  efforts  were  enough  to  start  a  good  many  college  men 
toward  Fort  Monroe,  so  that  a  large  overflow  company  of 
men  who  could  not  be  accommodated  in  the  camp  was  formed 
when  the  Fifth  Camp  opened.  With  such  excellent  men  for 
replacement,  candidates  who  showed  up  poorly  in  the  early 
weeks  of  the  course  were  given  short  shrift,  their  places  Being 
taken  by  men  from  the  "Reservoir"  on  the  beach. 

In  the  Fourth  Camp  a  few  squads  of  men  who  had  received 
no  drill  with  the  rifle  were  armed  with  the  new  Enfield  and  given 
the  manual  and  drill  under  arms.  None  of  the  candidates 
in  previous  camps  had  been  armed  with  the  rifle,  but  with  the 
Fifth  Camp  the  lot  of  the  candidates  was  made  considerably 
less  lovely  by  the  issue  of  Enfields  to  all  the  training  com- 
panies. Friday  night,  which  had  been  hitherto  a  time  of 
release  and  rejoicing,  was  cankered  by  the  necessity  of  pre- 
paring these  curiously  fabricated  weapons  for  Saturday  in- 
spection. 
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As  a  slight  compensation  for  this  additional  burden,  the 
censorship  on  academic  grades,  which  had  been  enforced  in 
previous  camps  to  a  nerve-racking  degree,  so  that  a  man  never 
knew  how  near  he  was  to  the  fatal  edge,  was  lifted  in  the 
Fifth  Camp.  Frequent  announcements  were  made  of  the 
standing  of  the  candidates  both  in  preUminary  quizzes  and  in 
final  examinations,  and  only  the  "company  mark"  kept  its 
veil  of  awful  mystery. 

A  more  important  change  in  instruction  was  the  publica- 
tion of  the  new  textbook  of  Orientation  for  Heavy  Artillery. 
This  gave  a  new  name  and  a  more  substantial  body  to  the  course 
which,  as  Topography,  had  been  put  together  for  the  Fourth 
Camp  to  include  the  old  map  reading  and  all  the  new  French 
Orientation. 

Otherwise  the  course  was  much  like  that  of  the  Fourth 
Camp.  The  shrinking  remains  of  Telephones  and  Field  Buzzer 
were  finally  eliminated,  altogether  from  Materiel,  being  repre- 
sented only  by  a  mimeographed  bulletin  of  generous  propor- 
tions which  was  distributed  to  all  candidates  and  widely 
unread.  Some  adjustment  of  hours  was  made,  and  target 
practice  was  reduced  from  twelve  to  seven  days. 

This  was  the  schedule: 

Hours 

Gun.    Mat'l.    Orient.    Admin. 

Theoretical  Gunnery 68 

Seacoast  Guns 8         16 

Seacoast  Mortars 8        16 

Mechanical  Maneuvers 9 

Heavy  Artillery,  Drill  and  Materiel. 

Telephone  and  Buzzer 16        32    . 

Orientation  and  Map  Reading 57 

Field  Fortification 27 

Army  Administration 46 

100        73  84  46 

The  camp  opened  on  July  6,  with  981  candidates  officially 
in  residence,  besides  the  men  housed  on  the  beach.  By  this 
time  the  old  Coast  Artillery  Corps  enUsted  men  had  been 
pretty  thoroughly  combed  for  officer  candidates,  and  while 
theoretically  all  candidates  of  the  Fifth  Camp  were  enlisted 
men  from  the  defenses,  there  were  only  a  handful  who  had 
seen  any  service  (except  in  the  National  Guard)  before  the 
war,  and  there  were  many  who  had  been  inducted  for  the 
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training  course  and  had  seen  no  service  of  any  kind  till  a  few 
days  or  weeks  before  the  camp  began. 

If  the  Third  Camp  had  been  remarkable  for  its  cold  weather, 
no  one  who  was  in  Fort  Monroe  during  the  month  of  August 
will  forget  a  certain  week  which  had  its  climax  in  two  swelter- 
ing days  which  almost  broke  up  the  camp.  The  wooden  sec- 
tion-halls to  which  most  of  the  candidates  were  assigned  for 
lecture  and  study-periods  were  almost  unendurable.  It  was 
oflicially  ruled,  as  a  special  concession,  that  black  ties  could  be 


removed  and  0.  D.  blouses  opened  at  the  neck,  though  an 
instructor  in  charge  of  a  melting  section  one  night  did  specify 
that  both  0.  D.  shirts  and  cotton  coats,  buttoned  up,  must  be 
worn.  The  saturation  rose  well  above  the  level  of  the  range 
table  assumptions.  Most  of  the  instruction  and  nearly  all 
the  study  during  the  hottest  weather  was  done  outside  the 
section  rooms,  on  the  sides  of  the  parapet,  under  any  scrap  of 
shade  that  could  be  discovered  around  the  study-halls,  and 
anywhere  else  that  the  instructor  permitted.  The  time  of 
the  evening  study  period  was  advanced  so  that  the  men  could 
take  full  advantage  of  the  light  for  studying  outdoors. 

Firing  practice  at  the  end  of  the  Fifth  Camp,  though 
covering  a  shorter  period   than  in   previous  schedules,  was 


JOURNAL  U.   S.    ARTILLERY 


COAST  ARTILLERY  TRAINING  IN  THE  WAR  39 

distinctly  successful.  It  was  run  as  a  part  of  the  course  in 
Gunnery,  which  had  been  docked  three  days  to  permit  proper 
preparation  for  the  firing.  The  noval  feature  was  the  firing 
of  the  "six-inch  terror"  using  the  Mark  III  fuse.  The  purpose 
was  to  determine,  if  possible,  the  cause  of  the  great  disper- 
sion which  had  been  observed  in  firing  at  Mulberry  Island. 
This  has  been  found  to  be  due  to  the  lip  on  the  rotating  band  of 
the  projectile.  A  premature  burst  which  slightly  scratched  a 
visiting  instructor  and  two  K.P's  enlivened  the  proceedings. 
The  12-inch  mortars  were  successfully  fired  with  new  range 
tables  incorporating  for  the  first  time  all  the  corrections  ordi- 
narily applied  only  to  the  guns. 

At  all  the  cost  defense  batteries  new  range  tables  computed 
by  the  Gunnery  Department,  on  the  new  U.  S.  Field  Range 
Table  Form  with  metric  units,  were  used  very  satisfactorily. 
Bug  Light  and  Back  River  Light  were  used  as  observation 
posts.  Communication  with  the  former  was  by  wig-wag, 
with  the  latter  by  radio  phone.  The  battery  commanders 
were  gunnery  instructors,  and  an  orienteur  and  an  emplace- 
ment officer  were  supplied  for  each  battery  from  the  appro- 
priate departments. 

One  company,  firing  the  mountain  guns  from  the  usual 
position,  conducted  all  the  normal  orientation  operations  with 
distinguished  success  and  fired  a  number  of  field  problems, 
using  nearly  200  rounds.  In  one  problem  aerial  observation 
was  provided  by  observers  from  Langley  Field.  A  smoke- 
bomb  problem,  duplicating  the  puff-board  in  the  field,  was 
attempted,  for  the  first  time  at  Fort  Monroe.  But  after  the 
company  had  weathered  half  an  hour  of  a  heavy  downpour 
it  had  to  be  abandoned. 

The  Army  Unification  Order  (G.  0.  73,  W.  D.,  August  7, 
1918)  announced  that,  'This  country  has  but  one  army — 
the  United  States  Army.  It  includes  all  the  land  forces  in 
the  service  of  the  United  States.  Those  forces,  however 
raised,  lose  their  identity  in  that  of  the  United  States  Army," 
and  provided  that  all  distinctive  appellations,  such  as  N.  A., 
N.  G.,  R.  C,  etc.,  should  be  dropped  and  that  all  commis- 
sions "hitherto  and  in  future  granted"  during  the  emergency 
were  commissions  in  the  United  States  Army.  Provisional 
and  temporary  appointments  in  the  Regular  Army  to  the 
rank  of  second  lieutenant  were  discontinued,  though  of  course 
the  permanency  of  commissions  in  the  Regular  Army  was  not 
effected. 
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Consequently,  the  graduates  of  the  Fifth  Camp  on  Sep- 
tember 25,  were  all  commissioned  second  lieutenants.  Coast 
Artillery,  United  States  Aimy.  The  number  of  these  com- 
missions were  696,  the  percentage  of  graduates  to  total  candi- 
dates (70.9)  well  above  that  of  the  Fourth  Camp.  One  hun- 
dred new  officers  were  sent  overseas  at  once.  The  plans 
already  on  foot  for  the  great  expansion  of  the  training  camp 
and  the  introduction  of  the  continuous  camp  made  it  neces- 
sary to  hold  an  unusually  large  number  of  men  at  Fort  Monroe, 
and  about  275  were  detailed  as  instructors,  company  officers, 
etc.  This  left  few  officers  to  re-enforce  the  coast  defenses, 
which  were  rapidly  being  depleted  by  the  organization  of 
overseas  units.    The  need  of  new  officers  was  very  pressing. 


III. 

The  Continuous  Camp 

The  organization  of  the  Coast  Artillery  Training  Center 
and  the  inauguration  of  the  Continuous  Camp  really  preceded 
the  end  of  the  Fifth  Camp,  but  since  they  begin  the  new  order, 
while  the  Fifth  Camp  was  wound  up  according  to  older  prec- 
edents, it  is  convenient  to  treat  them  separately.  The  Coast 
Artaiery  Training  Center  was  created  by  Section  II,  G.O., 
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69,  W.  D.,  July  30,  1918,  to  include  the  Coast  Artillery  School, 
the  Coast  Defenses  of  Chesapeake  Bay,  and  Camp  Eustis. 
By  September  19,  1918,  its  organization  had  been  carried  to  a 
point  where  it  was  possible  to  announce  its  main  outline  in 
G.  0.  5,  Coast  Artillery  Training  Center,  which  reads,  in  part: 

The  Commanding  General  of  the  Coast  Artillery  Training  Center  com- 
mands, in  a  general  way,  all  personnel  and  materiel  within  the  limits  of  the 
Coast  Artillery  Training  Center  except  such  as  may  be  excepted  by  higher 
authority.  He  is  the  intermediate  commander  between  the  Commanding 
Officer,  Coast  Defenses  of  Chesapeake  Bay;  Camp  Eustis,  Va.;  Commandant, 
Coast  Artillery  School,  and  higher  authority.  The  Commanding  Officer, 
Camp  Eustis,  Va.,  commands  all  personnel  and  materiel  assigned  to  Camp 
Eustis  except  such  as  pertains  to  these  headquarters  and  to  the  Coast  Artil- 
lery School.  The  Commanding  Officer,  Coast  Defenses  of  Chesapeake  Bay, 
commands  all  personnel  and  materiel  within  the  territorial  limits  of  the 
Coast  Defenses  of  Chesapeake  Bay  except  such  as  is  assigned  to  these  head- 
quarters and  to  the  Coast  Artillery  School.  The  Commandant,  Coast  Artil- 
lery School,  commands  all  personnel  and  materiel  assigned  and  pertaining 
to  the  Coast  Artillery  School  and  its  various  branches. 

By  the  further  provisions  of  G.  0.  13,  Coast  Artillery  Train- 
ing Center,  November  6,  1918,  the  Coast  Artillery  School  was 
reorganized  with  an  Officers*  Department,  which  included  both 
the  Candidates'  School  and  the  Officers'  School;  an  Enlisted 
Men's  Department,  which  included  all  the  courses  for  Enlisted 
Specialists  existing  before  the  war  and  the  Motor  Transporta- 
tion Course;  and  a  Tactical  Department.  The  candidates' 
course  was  thus  rammed  home  into  the  organization  of  the 
Coast  Artillery  School,  after  a  long  period  of  uncertain  ad- 
justment. It  was  first  allotted  to  the  Commanding  Officer  of 
the  Coast  Defenses  of  Chesapeake  Bay,  and  was  entirely  dis- 
tinct from  the  Coast  Artillery  School.  The  School  itself  had 
continued  its  regular  courses  for  officers  in  the  class  of  1917, 
until  about  June  1  of  that  year  entirely  apart  from  the  Train- 
Camp,  and  gave  a  series  of  six  or  eight  weeks'  courses  for 
officers,  between  January  5  and  September  6,  1918,  which  were 
designed  to  supply  the  lack  of  overseas  technique  in  the  train- 
ing of  officers  who  had  not  taken  the  Candidates'  Course.  In 
the  Fourth  Camp  the  Training  Camp  had  been  brought  under 
the  administrative  control  of  the  Coast  Artillery  School,  but 
was  not  fully  integrated  with  it. 

Meanwhile  the  Candidates'  School  was  being  radically 
made  over  to  meet  the  new  need  for  officers  and  still  more 
officers.  The  Coast  Artillery  Training  Camp  like  the  other 
camps  had  begun  work  with  the  officers  of  "the  first  500,000," 


COAST  ARTILLERY  TRAINING  IN  THE  WAR 


44  JOURNAL   U.    S.    ARTILLERY 

and  as  increment  after  increment  was  authorized  it  had  barely 
kept  pace  with  the  demand  for  commissioned  personnel.  But 
when  the  American  Army  began  to  be  defined  in  terms  of 
three  or  four  millions,  the  scheme  of  successive  three-months* 
courses  became  obviously  inadequate.  Something  bigger, 
something  which  revolved  more  rapidly  and  produced  a  con- 
stant output,  was  necessary. 

Under  the  old  plan,  only  candidates  with  three  months 
prior  service  in  the  ranks  were  to  be  admitted  into  what  was 
to  be  the  Sixth  Camp,  scheduled  to  begin  on  October  5.  By 
August  16  this  restriction  had  to  be  abandoned;  the  Chief 
of  Coast  Artillery  wrote  to  the  Commanding  General  of  the 
Coast  Artillery  Training  Center,  in  part,  as  follows : 

1.  A  greatly  enlarged  program  laid  out  for  the  Coast  Artillery  calls  for 
an  increased  number  of  officers.  All  reasonably  qualified  candidates  will 
therefore  be  sent  to  the  next  course,  regardless  of  length  of  service.    This 

course  will  begin  October  5  and  end  December  21,  1918 You  will 

quarter  then  in  any  available  barracks,  and  use  tentage  if  necessary. 

But  this  concession  did  not  meet  the  necessity  and  at  Fort 
Monroe  a  new  plan  providing  for  a  continuous  camp,  with  a 
company  of  200  candidates  beginning  work  every  week,  was 
devised.  By  the  first  of  September  it  had  been  approved  in 
principle  by  the  Chief  of  Coast  Artillery,  and  on  the  3rd  General 
Sunderland  wired  that  the  Training  Center  was  ''prepared  to 
start  first  class  of  200  artillery  candidates  September  14  and  to 
continue  200  every  week  from  then  on  provided  building 
program  can  furnish  class  room  buildings  one  per  week  begin- 
ning October  12  and  barrack  units  one  per  week  beginning 
October  19."  On  September  8,  Colonel  Welshimer  was  ap- 
pointed Commandant  and  General  Sunderland  detailed  as 
Senior  Instructor,  Coast  Artillery  Training  Center. 

More  will  be  said  of  this  building  program  later.  On  the 
next  day  Washington  replied  that  full  classes  could  be  furnished 
for  the  Continuous  Camp  for  several  weeks  to  come,  and  that 
it  was  desirable  to  begin  on  September  14.  On  September  13, 
accordingly,  the  17th  Company  of  Chesapeake  Bay,  200  strong, 
which  had  been  organized  in  July  as  an  overflow  from  the  Fifth 
Camp,  and  had  been  drilled  and  coached  till  it  was  more  than 
ready  for  the  training  camp,  changed  its  red  hat  cords  for  red, 
white,  and  blue,  and  marched  to  the  section  rooms  to  take  its 
place  as  Company  A  of  the  Continuous  Camp.  Company  B, 
with  217  members,  began  its  work  September  23;  Company 
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C,  208,  September  30;  Company  D,  211  October  4;  and  the 
Continuous  Camp  was  well  under  way. 

It  had  from  the  first  been  one  of  the  most  difficult  problems 
of  the  Training  Camp  to  get  properly  qualified  candidates. 
The  requirement  of  mathematics  had  been  recognized  as 
essential,  but  not  standardized.  The  coast  defenses,  in  some 
cases,  failed  to  select  their  men  as  carefully  as  was  desirable. 
On  July  27  the  Commanding  Officer  of  the  Training  Camp 
commented  in  a  letter  to  higher  authority  on  the  disappointing 
quality  of  the  men  picked  by  the  coast  defenses,  and  continued : 

Men  with  no  military  bearing  and  little  aptitude  should  not  be  sent  for- 
ward as  candidates  for  officers.  About  20%  of  the  failures  in  every  train- 
ing camp  are  due  to  a  lack  of  military  qualities It  does  not  appear 

possible  to  properly  select  candidates  for  this  Camp  unless  they  are  given  a 
short  written  examination,  which  should  prove  ability  to  handle  elementary 
mathematical  problems.  It  is  strongly  recommended  that  the  Training 
Camp  be  authorized  to  make  up  an  examination  which  will  be  uniform 
throughout  the  Coast  Artillery  service,  and  send  it  out  to  the  coast  defenses, 
with  suggestions  as  to  the  selection  of  men  and  the  method  of  grading  men 
on  the  examination  thus  sent  out. 

He  also  recommended  a  national  publicity  program  for  the 
month  of  August  which  should  acquaint  desirable  men  still  in 
civil  life  with  the  opportunities  offered  and  qualifications  re- 
quired by  the  "Big  Gun  Corps,"  as  it  was  rechristened  for  the 
occasion.  This  campaign  was  placed  in  the  hands  of  a  Com- 
munication Officer  and  became  very  successful  in  stimulating 
applications  for  admission  to  the  Camp. 

The  Preliminary  Examination  in  Mathematics 

Some  of  the  Defenses  had  already  adopted  informally  a 
preliminary  examination  of  candidates  for  the  School  as  an 
aid  to  the  decision  of  the  Board  of  Officers  to  whom  the  selec- 
tion was  officially  entrusted.  The  examination  was  now  made 
compulsory  in  all  Defenses,  and  the  general  problem  of  stand- 
ardizing methods  of  admission  to  the  Camp  was  turned  over 
for  study  to  the  newly  appointed  Inspector  of  Instruction. 

This  problem  was  soon  to  be  complicated  by  the  extension 
of  the  draft  ages  both  downward  and  upward,  and  the  result- 
ing creation  of  the  Student  Army  Training  Corps  as  a  link 
between  the  colleges  and  the  Army.  Qualified  students  could 
be  withdrawn  from  the  S.  A.  T.  C,  before  the  completion  of 
their  training  if  they  could  be  fitted  into  the  Training  Camp 
scheme  without  clogging  the  wheels.  Men  of  this  class  began 
to  arrive  at  Fort  Monroe  in  the  second  week  of  October,  and 


COAST  ARTILLERY  TRAINING  IN  THE  WAR 


altogether  more  than  1000 
were  received  from  col- 
lege units  all  over  the 
country.  On  the  other 
hand  there  were  now 
many  older  men  whose 
experience  in  business 
and  the  professions  made 
them  especially  good  offi- 
cer material,  but  who  had 
been  out  of  school  so  long 
that  they  were  in  need 
of  coaching  in  little  used 
mathematics. 

Since  small  detach- 
ments from  the  S.A.T.C. 
and  from  the  Defenses 
and  individual  candidates 
inducted  from  civil  life, 
under  the  new  and  liberal 
rulings  on  this  point, 
might  be  expected  to  ar- 
rive almost  continouusly, 
the  Reservoir  Company 
which  had  been  estab- 
lished to  care  for  over- 
flows from  the  Fifth  Camp 
was  made  permanent  as 
a  sort  of  Depot  Brigade 
for  the  Candidates' 
School.  There  the  new 
arrivals  were  received, 
partly  equipped  and 
drilled,  and  there  as  the 
plan  developed,  they  were 
all  (except  the  candidates 
already  examined  at  the 
coast  defenses)  given  a 
qualifying  examination  in 
geometry,  algebra,  trigo- 
nometry, and  logarithms. 

If  a  man  could  pass 
this  examination,  he  was 


48  JOURNAL   U.   S.   ABTILLEBY 

ready  for  the  training  camp,  and  he  was  enrolled  in  the  next 
company  to  be  formed.  Since  a  company  entered  the  Can- 
didates' School  every  week,  no  great  delay  ordinarily  occurred. 
But  if  he  could  not  pass,  he  was  placed  in  a  mathematics 
class  where  he  was  coached  on  the  particular  parts  of  mathe- 
matics in  which  he  was  deficient  for  a  week,  or  two,  or  three, 
or  even  six  weeks,  until  he  could  repeat  the  examination  and 
qualify. 

By  dividing  the  students  of  mathematics  into  groups 
according  to  their  individual  needs  they  were  made  ready  for 
camp  with  a  minimum  of  delay.  The  distinctive  feature  of 
the  course  was  its  liberal  use  of  field  work  as  a  point  of  departure 
for  theoretical  instruction.  Simple  problems  in  surveying  and 
map  study  formed  the  basis  for  typical  computations,  and 
while  the  student  was  picking  up  the  elements  of  trigonometry 
he  was  also  learning  how  to  handle  a  transit  and  stadia  rod 
and  to  read  a  map. 

Thus  the  Reservoir  Company  became  the  regular  road  of 
entrance  to  the  Candidates'  School,  and  a  standardized  exami- 
nation in  mathematics  the  gate  through  which  all  candidates 
passed.  Both  the  youngster  from  college  and  the  man  of 
thirty  or  forty  could  be  accommodated  in  this  system  and 
class  work  in  the  camp  itself  was  considerably  facilitated. 

Changes  in  the  Course 

In  the  Candidates'  Course  itself  there  were  changes  which 
strengthened  it  without  any  violent  alteration.  Now  that  the 
companies  entered  the  camp  in  rotation,  it  was  possible  to  get 
rid  of  the  last  traces  of  the  rotary  curriculum  which  still  re- 
I  Materiel  and  Orientation,  where  there  had  not  been 
ins  or  transits  to  accomodate  seven  or  eight  hundred 
all  studying  the  same  thing  at  the  same  time, 
was  gathered  up  into  one  consecutive  course  at  the 
of  the  camp,  so  that  a  student  went  from  one  gun  to 
ind  cleaned  up  the  minor  courses  in  mechanical 
s  and  ammunition  and  disposed  of  the  whole  subject 
ginning  Gunnery  and  Administration,  which  divided 
i  time  during  the  latter  part  of  the  course.  The 
il  part  of  the  course  in  Aiming  and  Laying  which  had 
Q  by  the  Materiel  Department  was  now  transferred  to 
where  it  logically  belonged,  while  the  Materiel  de- 
continued  to  explain  the  sight  and  aiming  rules, 
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etc.     New  Guns,  7-  and  8-inch  railway  mounts,  were  added  to 
the  equipment  and  given  a  place  in  the  Materiel  course. 

Iq  Orientation,  a  revised  edition  of  the  text-book  was  issued, 
and  all  the  French  terms  which  had  been  carefully  learned  by 
instructors  and  students  in  the  earlier  camps  were  laborously 
unlearned  in  favor  of  more  or  less  Anglo-Saxon  names  like 
"Y-azimuth"  and  "drying  shot."In  Gunnery,  also,  a  revised 
text,  considerably  altered  and  with  new  range  tables,  was 
published.  Administration  was  reorganized  to  bring  about  a 
clearer  relation  between  the  theory  and  the  practice  of  company 
administration  and  a  more  thorough  acquaintance  with  practical 
paper-work. 


All  these  things  one  would  observe  if  he  attended  classes 
and  studied  bulletins.  But  one  could  lie  asleep  in  his  quarters 
and  still  have  forcibly  brought  to  his  attention  certain  other 
changes.  A  vigorous  campaign  for  esprit  de  corps  led.  among 
other  sprightly  manifestations,  to  loud  and  cheerful  singing 
by  the  candidates  as  they  marched  from  their  barracks  to 
morning  calisthenics  about  six  o'clock  in  the  morning,  and  at 
other  times  during  the  day  and  night.  On  Wednesday  even- 
ings, moreover,  the  parade  ground  was  enlivened  by  vaude- 
ville and  musical  entertainments  staged  by  the  candidates  and 
sometimes  by  visiting  artists.  Altogether  the  gayety  of  nations, 
was  vastly  more  in  evidence  than  during  the  sultry  plodding 
history  of  the  Fifth  Camp,  for  instance. 
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Week  by  week  Iht  candidates^  oranpuiics  posbed  tbar  way 
Dearer  and  nearer  to  Pboebus  down  tbe  kwg  Mill  Creek  Fill. 
until  men  vere  sleeping  in  half-finisbed  bojracks  and  studying 
in  vindovless  shacks  set  in  tbe  midst  ot  a  sandy  waste  that 
made  smart  maneuvermg  by  tbe  sections  fairty  difficult.  Com- 
panies E,  F.  G.  H,  I.  K,  L.  and  M  foUow«d  each  other  withoot 
intemiptJon,  except  some  delay  between  E  and  F  due  to  the 
epidemic  of  Spanish  Influenza.  A  section  ttf  aerial  observers, 
men  who  had  already  completed  tbe  course  at  an  aviation 
ground  school  before  c«Hmng  to  Fort  Monroe  to  learn  the 
artillery  end  of  the  observer's  problem,  was  attached  to  each 


company.  The  capacity  of  the  camp  had  been  set  at  3410 
in  the  officers'  department  lincluding  advanced  students  as  well 
as  candidates  and  the  Reser\-oir).  The  Camp  was  rapidly 
approaching  capacity.  On  November  11  there  were  2780  can- 
didates at  Fort  Monroe,  of  whom  2174  were  artillery  can- 
didates in  the  Officers'  Department,  397  were  aerial  observers, 
and  299  were  in  the  Reser\-oir.  Se\'enty  men  arrived  and 
were  sent  home  on  the  11th. 

On  that  day  the  Hun   threw  up  his  bands.     The  War 
ended. 
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After  the  Armistice 

The  elaborate  machine  at  Fort  Monroe  had  been  speeded 
up  to  a  point  where  it  could  not  be  stopped  in  a  moment.  The 
Reservoir  received  new  detachments  and  the  enrollment  went 
on  climbing  until  2933  candidates,  observers,  and  Reservoir 
students  were  recorded.  Nobody  knew  quite  what  was  going 
to  happen,  but  work  went  on. 


Ah  EHaniro  Orkhteuo  **" 

Washington  acted  promptly.  On  November  14  a  telegram 
from  the  oflice  of  the  Chief  of  Coast  Artillery  announced  the 
terms  on  which  the  Battle  of  Fort  Monroe  was  to  come  to  an 
end: 

Following  inslruclions  received:  "The  Secretary  of  War  directs  that 
DO  more  candidates  be  admitted  to  officers'  training  schools.  Candidstes 
ROW  in  attendance  will  be  allowed  to  complete  the  course,  or  will  tie  discharged 
immediately  from  the  Army  or  at  any  time  prior  to  the  completion  of  the 
course  of  instruction  which  they  are  taking,  at  their  option.  Candidates 
who  were  transferred  from  the  Student  Army  Training  Corps  will  be  allowed 
the  further  option  of  transfer  back  to  that  organization,  provided  they 
return  (o  college  immediately-  Those  candidates  who  elect  to  remain  at 
the  school  and  who  successfully  complete  the  course  of  instruction  will  be 
commissioned  in  the  OlTicers'  Reserve  Corps,  under  the  provision  of  Section 
27,  Act  of  Junes,  1916.  Candidates  who  are  beyond  the  maximum  age  limit 
for  appointment  in  the  grade  of  second  lieutenant  may  be  commissioned  in 
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the  higher  grades  provided  for  in  sub-paragraph  4,  section  37,  Act  of  Juae  3, 
provided  they  are  qualified  (or  such  appointment,  but  no  candidate  will  be 
commissioned  in  a  grade  higher  than  the  lowest  grade  for  which  his  age 
makes  him  eligible.  If  a  candidate  is  beyond  the  maximum  age  limit  for 
the  highest  grade  (or  which  he  is  (ound  qualified  he  will  not  be  commissioned 
but  will  be  issued  a  certificate  o(  graduation.     Harris." 

AppoiDtmeots  and  promotions  in  "C.A.,  U.S.A"  were  sus- 
pended and  the  status  of  officers  other  than  Regular  Army  of- 
fiicers  in  that  classification  was  left  to  be  adjusted  by  later 
regulations. 

The  opportunity  to  resign  was  given  the  candidates,  and 
long  queues  of  men  waiting  for  signature  to  release  papers, 
and  this,  that,  and  the  other  blanks,  began  to  form  almost  at 


In  two  weeks  after  the  signing  of  the  armistice  the  enroll- 
ment of  all  candidates  had  fallen  to  1893;  within  a  month  it 
had  passed  the  thousand  mark  on  its  way  down,  three  com- 
panies having  then  completed  their  courses  and  passed  out. 
In  the  advanced  companies,  soon  to  complete  their  work,  the 
percentage  of  withdrawals  was  naturally  much  smaller  than 
in  the  companies  which  had  nearly  the  whole  course  between 
them  and  release.  But  it  is  noteworthy  that  Company  N 
with  183  members  was  organized  several  days  after  the  signing. 
Taking  the  camp  as  a  whole,  rather  better  than  one  man  in 
three  decided  to  stay. 
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On  November  23,  157  candidates  were  commissioned  from 
Company  A,  followed  by  158  from  Company  B  on  November 
30,  and  121  from  Company  C  on  December  7.  To  expedite 
the  production  of  the  needed  officers,  their  course  had  been 
shortened  to  ten  weeks  by  omitting  target  practice  and  one 
week  of  instruction.  Under  new  regulations,  these  men  were 
permitted  to  wear  their  officers'  uniforms  without  shoulder 
insignia,  during  the  last  week  of  their  course.  This  was,  indeed, 
the  only  chance  they  had  to  wear  them  at  all,  while  on  mili- 
tary duty,  since  upon  being  commissioned  they  were  placed 
at  once  on  inactive  service. 

The  remaining  classes  of  the  Continuous  Camp  were 
graduated  at  weekly  intervals,  each  class  marching  in  full 
panoply  to  receive  its  commissions  and  then  promptly 
marching  out  into  civilian  life.  The  following  companies 
were  graduated: 

Company  D 87 

E 104 

F 65 

G 82 

H 79 

1 59 

K 63 

L 60 

M 48 

N 155 

Companies  M  and  N,  which  left  Fort  Monroe  on  February  7, 
1919,  were  the  last  of  the  long  line  of  new  officers  added  to  the 
military  establishment  by  the  Coast  Artillery  training  camps. 
The  roster  of  graduates  had  reached  a  total  of  4432. 

A  study  of  the  .age  and  occupation  of  the  candidates  for 
whom  records  are  available  shows  that  while  the  war  con- 
tinued a  majority  of  the  graduates  of  the  training  camps  were 
under  25  years  of  age,  with  the  average  rising  slightly  as  it 
became  more  and  more  evident  that  older  men  would  be  needed ; 
and  that  their  occupations  run  all  the  way  from  the  engineering 
professions,  which  (counting  students,  surveyors,  etc.)  ran 
as  high  as  30  per  cent  in  some  classes,  through  a  long  list  of 
miscellaneous  jobs  all  the  way  to  "casket  liner  and  orange 
picker." 
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IV 


THE  DEPARTMENT  OF  INSTRUCTION 

While  the  high  spots  of  the  development  of  instruction  in 
each  of  the  major  departments  have  already  been  touched  on, 
it  will  be  worth  while  to  outline  more  particularly  the  way  in 
which  the  very  experimental  teaching  of  the  First  Camp  was 
worked  over  into  the  well  organized  curriculum  which  was  in 
force  when  the  camp  came  to  an  end. 

Administration 

The  course  in  Administration  sprang  from  a  humble 
origin,  and  came  into  its  own  late  in  the  history  of  the  camp. 
In  the  First  Camp,  as  had  been  said,  it  was  confined  to  three 
or  four  lectures  miscellaneously  assorted,  running  from  shoe- 
fitting  to  general  courts-martial.  But  the  candidates  of  this 
camp  had  theoretically  been  instructed  in  much  of  the  matter 
now  covered  in  the  Administration  course  while  they  were  at 
the  general  camps  for  the  First  period.  There  they  had  studied 
Tables  of  Organization,  the  Manual  of  Interior  Guard,  Duty^ 
Field  Service  Regulations,  and  a  considerable  part  of  Armi; 
Regulations.  But  the  instruction  which  could  be  given  at 
these  general  camps  was  not  such  as  to  guarantee  a  very 
thorough  grasp  of  paper-work. 

In  the  Second  Camp  Administration  appears  as  an  hour- 
a-day  course  with  24  reading  lessons,  14  on  Army  Regulations 
and  10  on  Courts-Martial.  In  the  Third  Camp  this  had  been 
increased  to  52  lessons — an  hour  a  day  throughout  the  camp. 
The  first  34  were  on  Army  Regulations,  the  rest  on  Courts- 
Martial.  This  was  more  ambitious,  but  the  course  was 
taught  in  a  rather  casual  fashion,  without  quizzes  or  final 
examination,  and  little  was  to  be  learned  by  watching  an 
instructor  wave  a  blank  before  the  class  and  dismiss  it  with  a 
few  words  of  explanation.  Throughout  the  camps  the  in- 
structors in  Administration  have  been  handicapped  by  ina- 
bility to  secure  enough  specimen  forms  to  insure  that  every 
student  knew  them  at  close  range  and  could  use  them  intelli- 
gently. The  expansion  of  the  Army  must  be  held  responsible 
for  the  shortage  of  blanks,  as  for  many  other  things.  But 
before  the  Fourth  Camp  there  were  not  even  any  specimens 
to  put  in  the  hands  of  a  few  candidates. 
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The  overhauling  of  the  curriculum  which  marked  the 
interval  between  the  Third  and  Fourth  Camps  had  its  effect 
on  Administration.  The  new  arrangement  which  put  Orien- 
tation and  Matferiel  at  the  beginning  of  camp,  and  Gunnery 
at  the  end,  automatically  pushed  Administration  to  the 
latter  half  of  the  course,  where  it  was  given  52  hours  in 
one  and  one-half  hour  periods.  It  was  realized  that  an  ex- 
perienced company  officer  should  be  in  charge  of  the  instruc- 
tion. An  officer  of  nine  years'  experience  was  accordingly 
called  in  from  duty  in  the  field  to  head  the  department.  Under 
his  direction  a  new  course  was  planned,  including  a  brief 
survey  of  Field  Service  Regulations;  mimeographs  were  issued 
in  great  number  to  supplement  and  clarify  Army  Regulations 
and  to  eke  out  the  scanty  supply  of  specimen  forms;  and  the 
Engineer  Training  Manual  Appendix  No.  2  was  secured  as  a 
secondary  text-book  to  show  how  the  forms  looked  when 
properly  filled  out.  Frequent  quizzes  were  introduced,  and 
the  course  was  considerably  strengthened.  A  mock  court- 
martial  was  introduced  as  the  finale  of  the  Court-Martial 
Course  to  give  color  to  the  instruction  in  this  unexciting 
subject.  Since  lawyers  were,  by  training,  skilled  in  the  hand- 
ling of  prescribed  forms  and  the  interpretation  of  statutory 
regulations,  an  effort  was  made  to  secure  new  officers  who 
had  been  lawyers  in  civil  life  as  the  core  of  the  instruction 
staff. 

As  it  became  necessary  to  train  adjutants  for  the  overseas 
units  which  were  being  formed  with  increasing  rapidity,  it 
was  decided  to  pick  instructors  for  the  Administration  Depart- 
ment who  were  qualified  for  the  duties  of  a  battalion  adjutant, 
with  the  expectation  that  after  mastering  the  details  of  army 
administration  through  teaching  the  subject  in  one  or  two 
camps,  they  would  be  ready  for  such  duty  without  further 
delay.  The  early  end  of  the  war  kept  this  plan  from  being 
carried  into  effect.  A  few  graduates  of  the  instruction  staff 
were  sent  into  administrative  positions. 

The  course  in  the  Fifth  Camp  followed  the  lines  laid  down 
for  the  Fourth,  with  supplementary  bulletins  and  changes 
following  each  other  at  frequent  intervals.  The  time  was 
reduced  to  46  hours.  The  department  began  to  issue  in 
mimeograph  form  information  of  interest  and  value  to  company 
officers  generally,  which  was  circulated  throughout  the  defenses. 

In  the  Continuous  Camp  the  course  was  reorganized  in 
the  direction  of  a  more  logical  development  of  the  subject 
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and  closer  integration  between  the  reading  lessons  and  the 
paperwork.  The  mimeographed  bulletins  were  rearranged 
so  the  old  designations  of  "First  paper,  fourth  part"  and  the 
like,  which  made  one  instructor  declare  he  always  felt  as  if 
he  were  giving  out  a  reading  from  the  Psalms  when  he  an- 
nounced a  reference,  were  replaced  by  a  simple  consecutive 
paging.  While  the  supply  of  forms  was  still  insufficient,  the 
School  did  secure  a  much  larger  number  of  expendable  forms 
than  had  been  available  befpre,  and  problems  were  therefore 
prepared  which  the  candidates  worked  by  filling  out  the  more 
important  forms  for  themselves.  This  was  practical  instruc- 
tion of  real  value.  It  was  made  possible  by  the  increase  of 
the  daily  period  from  one  and  one-half  to  two  hours,  giving  a 
total  of  60  hours  for  the  course. 

Gunnery 

This  sketch  of  the  history  of  the  Gunnery  Department  is  based  on  a 
lively  account  prepared  by  Captain  Earl  W.  Thomson,  C.  A.,  assistant 
senior  instructor  when  the  armistice  was  signed,  which  is  freely  quoted 
and  paraphrased. 

The  senior  department  of  the  Coast  Artillery  training 
camps  began  its  work  in  the  First  Camp  with  four  instructors, 
who  taught  chiefly  exterior  ballistics,  fire  control,  and  an  ink- 
ling of  what  was  to  develop  in  the  way  of  heavy  artiUery 
practice,  but  little  real  information  as  to  what  was  going  on  in 
France.  "No  books  were  used,  but  frequent  reading  lessons 
in  C.A.D.R.,  Gunners*  Instructions  for  Gun  and  Mine  Com- 
panies, Notes  on  Ballistics,  and  Gunnery  Notes  made  it  necessary 
to  have  a  reading  knowledge  of  the  English  language.  It 
might  be  pertinent  to  remark  that  there  were  only  about 
three  of  each  of  these  books  for  each  section  and  therefore 
studying  at  times  devolved  into  a  contest  in  which  the  best 
fighter  was  the  best  student;  we  were  that  eager  to  learn  the 
art  and  science  of  operating  guns.  The  instructors  admitted 
that  it  was  rather  a  hard  job  at  times  to  relate  their  knowledge 
of  Coast  Artillery  to  the  training  of  the  candidates;  it  was 
skating  on  thin  ice  to  talk  about  higher  mathematics  with 
three  or  four  math  Ph.  D's.  in  the  class;  it  was  harder  to  talk 
of  explosives  when  several  explosive  manufacturers  were  ready 
to  pick  all  sorts  of  flaws  in  the  discussion.  Such  was  the 
diversified  training  of  the  candidates  of  the  First  Camp." 

But  little  enough  was  said  about  either  higher  or  lower 
mathematics.     Faint-hearted  students  who   sought  to  resign 
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after  the  first  plunge  into  Gunnery  were  restrained  and  re- 
assured by  being  told  that  practically  all  the  computations 
would  be  made  mechanically  and  that  a  firm  faith  in  "Right 
Raise  and  Left  Lower"  and  such  rules  of  thumb  would  pull 
them  through  in  comfort. 

Of  the  text-books  mentioned.  Notes  on  Ballistics  consisted  of 
two  corrected  reprints  from  the  Journal  of  the  United  States 
v4r/(7fery  for  September-October,  1913  and  January-February, 
1915,  "High  Angle  Fire"  by  Major  Alston  Hamilton, 
C.A.C.,  and  "Direct  Fire,"  by  1st  Lieut.  George  A.  Wildrick, 


CA.C.  Gunnery  Notes  was  a  pamphlet  "assembled  for  use  of 
the  Artillery  Section,  Department  of  Enlisted  Specialists, 
Coast  Artillery  School,  and  for  the  information  of  those 
desiring  an  elementary  knowledge  of  gunnery."  It  dealt 
with  ballistics  and  adjustment  of  fire  for  seacoast  batteries. 

The  instructors  gave  prepared  lectures  and  the  students 
were  expected  to  get  what  they  could  and  preserve  it  in  their 
note-books.  One  of  these  note-books  shows  that  the  course 
{then  called  Artillery,  Gunnery  and  Ammunition)  dealt  at  a 
great  length  with  the  fire  control,  firing  data  and  range  tables 
of  the  seacoast  batteries,  somewhat  more  briefly  with  ballistic 
theory,  and  rather  seriously  with  powders,  projectiles,  primers, 
and  fuses,  included  a  pretty  samp!e  of  optics  and  touched 
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briefly  on  field  guns  and  gunnery  and  the  British  grid  artiUery 
board  and  T-O-B  clock. 

"Before  the  Second  Camp  started  some  of  the  more  valiant 
spirits  who  had  just  graduated  into  the  ranks  of  officers:  two 
lawyers,  one  salesman,  two  Democrats,  and  one  Presbyterian, 
flanked  by  a  group  of  college  professors,  took  a  special  course 
in  the  'art  and  science  of  handling  guns'  preparatory  to  assum- 
ing their  arduous  labors  as  Gunnery  professors."  In  the 
meantime  Captains  Mather  and  Green  had  "hastily  assembled 
from  various  sources"  a  pamphlet  entitled  Reference  Notes 
On  Gunnery  and  Ammunition. 


Various  pamphlets  from  abroad  on  Maps  and  Artillery 
Boards,  Notes  on  the  Employment  of  Artillery  in  Trench  Fight- 
ing, and  Notes  on  Fire  Control  Instruments  for  Use  with  Heavy 
and  Railway  Artillery  were  included  in  the  reading  lessons. 

Parallel  to  the  course  in  Gunnery,  and  not  very  clearly 
separated  from  it,  was  a  shorter  course  in  "Artillery  Defense 
and  Fire  Control  and  Direction"  which  consisted  in  the  first 
camp  of  a  generous  dose  of  the  War  Game.  In  the  second 
course  there  was  added  to  this  the  T-A-B  and  T-O-B  clocks, 
the  elevation  slide  rule,  and  some  of  the  tactics  of  heavy 
mobile  artillery  as  contained  in  a  translation  from  the  French 
Manual  of  Heavy  Artillery  and  from  British  sources. 
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The  Target-Aeroplane  Battery  was  a  British  scheme  for 
the  observation  of  fire,  based  on  the  familiar  clock-talk  of  the 
rifle  range,  with  magnetic  north  as  12  o'clock.  The  T-O-B 
clock  was  a  Coast  Artillery  invention  to  aid  the  B.  C.  in  adjust- 
ing fire.  Both  were  abandoned  by  the  American  Heavy 
artillery,  but  out  of  the  T-O-B  clock  grew  the  system  of  uni- 
lateral observation  which  was  being  taught  at  the  end  of  the 
war. 

**As  various  professors  of  mathematics  who  had  been  so 
troublesome  in  the  First  Camp  had  been  returned  as  instruct- 
ors, the  course  began  to  see  the  introduction  of  some  theoreti- 
cal mathematics."  In  the  Second  and  still  more  in  the  Third 
Camp  **the  lectures  began  to  savor  a  little  less  of  purely  Coast 
Artillery  gunnery  and  the  influence  of  changed  conditions  in 
fire  control  and  the  computation  of  firing  data  was  making 
itself  felt."  In  the  third  camp  a  decided  mathematical  flavor 
was  evident  and  such  matter  was  taught  as  the  co-operation  of 
aircraft  and  artillery,  ranging  on  the  line  of  observation,  loca- 
tion of  the  position  of  a  battery,  switching,  field  artiUery 
ammunition  and  emplacements.  **Western  Front  Methods 
and  Matferiel"  was  the  subject  of  one  lecture,  with  a  reading 
lesson  in  Field  Artillery  Notes.  Bulletins  of  the  Heavy  Artil- 
lery School  of  the  A.E.F.  on  Gunnery  and  Fire  Control,  edited 
by  Captains  Shedd  and  Welshimer,  began  to  arrive.  **This 
was  a  transition  period,  when  Coast  Artillery  methods  were 
given  the  most  prominence  in  the  instruction  because  this  was 
the  tradition  of  the  Coast  Artillery,  but  where  the  role  of  heavy 
Artillery  was  fast  assuming  a  prominence  which  in  time 
eclipsed  the  seacoast  methods  of  fire  control  and  adjustment." 
The  transition,  to  be  sure,  was  considerably,  if  not  abruptly, 
advanced  by  the  return  of  Colonel  Welshimer  and  General 
Sunderland  from  France  in  February. 

During  the  first  camp  there  were  about  forty  one  and  one- 
half  hour  periods  devoted  to  Gunnery ;  in  the  Second  a  slightly 
increased  total  allotment  was  given  in  32  shell,  2-hour  periods; 
in  the  third  camp  this  was  further  increased  to  52  shell,  one 
and  one-half  hour  periods — carrying  the  course  through  the 
whole  camp. 

In  the  general  house-cleaning  which  took  place  before  the 
Fourth  Camp  began.  Gunnery  lost  a  good  deal  of  miscellaneous 
matter  it  had  been  carrying.  "Materiel  was  teaching  more 
theory  of  the  whys  and  wherefores  of  such  instruments  of 
destruction  as  the  Pratt  Range  Board  and   the  Deflection 
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Board,  the  orientation  and  calibration  of  guns  and  mortars; 
Topography  had  taken  over  the  subject  of  Seacoast  Engineer- 
ing and  the  construction  and  camouflage  of  emplacements; 
Optics  was  dropped  from  the  schedule  because  of  its  minor 
importance,  and  now  consists  only  in  the  statement  that 
'type  E.E.,  Signal  Corps,  binoculars  may  be  purchased  from 
the  Signal  Corps  (sometimes)  for  the  necessary  cash,'  ammu- 
nition was  presented  to  Materiel."  Gunnery,  pure  and  simple, 
assumed  its  place  as  one  of  the  four  major  departments  which 
were  now  organized. 


On  April  18  Captain  Wildrick's  compilation,  Gunnery  for 
Heavy  Arlilkry,  was  published  for  the  use  of  the  Fourth  Camp. 
The  new  course  in  Gunnery,  postponed  to  the  fifth  week  of 
the  camp,  ran  for  72  hours  of  instruction,  or  until  the  end  of 
the  academic  schedule.  "Coast  Artillery  Gunnery  had  been 
relegated  to  a  series  of  twelve  mimeographed  conferences  and 
twelve  lectures.  These  were  used  to  start  the  course,  and 
Gunnery  for  Heavy  Artillery  followed.  Forms  A  and  B  of 
the  Battery  Sheet  became  the  most  important  part  of  the 
course,  for  a  time,  with  adjustment  of  fire  running  a  close 
second.  Mathematics  was  coming  into  its  own.  Ingalls' 
tables  were  used  in  the  computations  of  range  tables  and 
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double  interpolation  found  many  victims.  The  155mm. 
G.  P.  Filloux  gun  range  table  was  used  as  the  basis  of  the 
course  in  Heavy  Artillery  methods.  Probability  of  hitting 
was  introduced." 

The  interval  of  several  weeks  between  the  course  in  the 
Fourth  Camp  and  that  in  the  Fifth  was  used  to  prepare  an 
outline  of  instruction  which  for  the  first  time  made  Gunnery 
as  taught  in  all  the  sections  a  uniform  course  and  this  made 
standardized  examinations  possible.  Gunnery  was  reduced 
to  68  hours,  in  compensation  for  which  target  practice  was 
made  an  integral  part  of  the  course  and  placed  in  charge  of 


the  Gunnery  Department.  Liaison  with  the  Army  Heavy 
Artillery  School  in  France  was  strengthened  by  the  return 
of  two  instructors  from  overseas.  In  addition  to  the  work 
with  Gunnery  for  Heavy  Artillery  and  Coast  Artillery  Gunnery 
a  lecture  was  given,  with  a  bulletin  as  reading  assignment,  in 
Observation  of  Fire,  Terrestrial  and  Aeroplane.  Methods  of 
adjustment  of  fire  were  constantly  changing,  and  with  the 
return  of  still  another  instructor  from  France  the  subjects 
of  unilateral  adjustments,  graphic  record  of  shots,  integral 
corrections  on  the  salvo  center  of  impact,  and  a  murmur  of 
high  burst  ranging  were  introduced.  Further  bulletins  on 
observation  were  published. 
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Range  tables  for  various  guns  were  computed  by  members 
of  the  Gunnery  Department  and  distributed  to  ail  the  Coast 
Defenses  to  play  their  part  in  introducing  Heavy  Artillery 
methods.  Ingalls'  Revised  Ballistic  Tables  were  used  to 
compute  various  columns  containing  corrections  for  all  the 
known  variables  of  firing,  and  the  idea  of  ballistic  wind  and 
(P,  X  and  V  "relative  to  the  wind"  were  introduced  into  the 
tables  to  the  profound  discomfiture  of  certain  members  of  the 
instruction  staff. 


AiitcnAFT  School) 


During  the  latter  part  of  the  Fifth  Camp  Major  (then 
Captain)  Englehardt  and  Captain  Thomson  were  compiling 
the  textbook  now  used  in  the  course.  Heavy  (Coast)  Ariillery 
Gunnery  for  Field  Service.  This  "contains  the  practical  and 
theoretical  principles  underlying  the  calculation  of  firing  data, 
the  aiming  and  laying  of  guns,  and  the  methods  of  adjustment 
and  fire  control."  The  book  was  a  revision  of  Gunnery  for 
Heavy  Artillery  in  which  several  instructors  of  the  Gunnery 
Department  assisted.  Parts  of  the  1918  revised  edition  of 
Ingalls' Ballistic  Tables,  including  the  Q  method  of  determining 
range  tables  from  proof-firings,  and  the  Range  Table  for  10- 
inch  seacoast  gun  on  Railway  mount,  were  included  in  an 
appendix.     As  the  Gunnery  Department  had  now  taken  over 
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from  Mat6riel  the  theoretical  instruction  in  aiming  and  laying, 
a  chapter  on  this  subject  was  introduced,  together  with  a 
chapter  on  Emergency  Firing  data  and  all  the  new  methods  of 
fire  control  so  far  as  they  were  known  at  the  Coast  Artillery 
School  up  to  September  1. 

Three  more  instructors  who  had  returned  from  overseas 
entered  the  department  before  Gunnery  began  in  the  Con- 
tinuous Camp.  The  teaching  staff  enlarged  to  meet  the  new 
demands  of  a  3000  candidate  camp,  rose  to  the  unheard  of 
total  of  54,  though  six  instructors  were  soon  detached  for 
service  as  Heavy  Artillery  representatives  with  the  Student 
Army  Training  Corps.  The  new  schedule  required  four 
instructors  to  begin  teaching  every  week  in  the  Candidates' 
School,  and  two  more  in  sections  of  the  Aerial  Observers' 
Course.  ''High  burst  ranging  was  assuming  a  major  signifi- 
cance in  observation  and  during  November  a  bulletin  on  this 
subject  was  prepared  which  reviewed  the  two  methods  of 
tangent  projection  and  tangent  reticule  observation.  The 
course  as  finally  standardized  for  companies  taking  the  12 
weeks'  Candidates'  Course  included  114  hours  of  "Theoretical 
Gunnery  for  Heavy  Artillery,"  followed  by  48  hours  of  Target 
Practice  with  Heavy  Artillery. 

The  metamorphosis  of  the  Coast  Artillery  Corps  into  the 
Heavy  (Coast)  Artillery  has  been  paralleled  by  the  develop- 
ment of  the  course  in  Gunnery  from  a  few  lectures  on  seacoast 
gunnery  and  exterior  ballistics  to  a  well  co-ordinated  presenta- 
tion of  all  the  theory  and  practice  of  heavy  artillery  in  the 
field  that  could  be  gleaned  from  reports  from  the  fighting 
in  France.  It  was  too  much  to  hope  that  the  course  should 
keep  fully  abreast  of  the  changing  technique  of  the  artillery 
overseas,  but  it  was  kept  just  as  close  to  this  limit  of  excel- 
lence as  possible. 

Materiel 

This  summary  of  the  varied  adventurers  of  the  candidates  with  guns, 
mortars,  howitzers,  ammunition,  aiming  and  laying,  knots,  gins,  shears,  and 
what  not,  broadly  comprehended  under  the  title  of  Materiel,  is  based  on  a 
history  of  the  department  prepared  by  Major  William  C.  Foote,  lately 
Senior  Instructor. 

During  the  first  three  camps  the  heterogeneous  mass 
included  in  Mat6riel  was  presented  in  almost  as  many  different 
courses  as  there  were  subjects.  The  Mat6riel  department  as 
such  dates  from  the  reorganization  which  took  place  between 
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the  Third  and  Fourth  Camps.  Furthermore,  until  the  Fourth 
Camp  Materiel  meant  seacoast  and  light  field  materiel — not  from 
choice,  but  from  necessity.  No  real  heavy  mobile  pieces 
were  available  until  the  end  of  the  Third  Camp,  and  the 
present  equipment  was  not  fully  assembled  till  the  end  of  the 
Fifth  Camp.  The  development  of  Materiel  is  thus  a  matter 
of  selection  and  integration  of  subject-matter,  on  the  one 
hand,  and  of  hitching  up  the  Coast  Artillery  Corps  with 
Western  Front  conditions — the  old  story — on  the  other. 

In  the  First  Camp  instruction  was  given  by  a  few  Regular 
Army  officers  with  the  help  of  experienced  N.C.O's.  One 
officer  and  two  non-coms,  for  instance,  handled  fifty  candidates 
at  a  time  at  Battery  Church.  The  courses  consisted  of  Major 
Caliber  Seacoast  Guns — nine  daily  periods  of  three  hours 
each  at  a  10-inch  or  12-inch  disappearing  carriage  batteries; 
Seacoast  Mortars — a  like  period  at  the  12-inch  mortar  pits; 
Field  Artillery  and  Materiel — the  U.  S.  3-inch  piece,  B.  C. 
instrument  and  range  finders;  Mechanical  Maneuvers— 9  hours; 
and  Artillery  Defense — ^The  Coast  Artillery  War  Game, 
which  was  as  much  Gunnery  as  Materiel.  There  was  also  a 
lecture  or  two  on  telephones  and  signalling  and  on  gas  engines. 

The  only  texts  available  were  a  few  C.A.D.R.'s,  some 
Gunners'  Instruction  manuals,  and  handbooks  of  the  3-inch 
gun.  One  C.A.D.R.  served  a  squad  or  more,  fifty  3-inch  gun 
handbooks  had  to  do  for  the  whole  camp.  Instruction  in 
drill  at  the  seacoast  and  field  batteries  was  excellent.  What 
was  retained  of  the  theory  and  detail  depended  upon  the 
memory  of  the  candidate  and  the  notes  he  was  able  to  make. 
Under  the  heading  of  Field  Artillery  were  taught  the  T-O-B 
and  T-A-B  clocks  and  the  Elevation  Slide  Rule,  familiarly 
known  as  the  "coffin-box."  Mechanical  maneuvers  in  the 
First  Camp  has  already  been  described  in  an  earlier  page. 
So  far  as  the  new  materiel  was  concerned,  the  lecturers  in 
Gunnery  enumerated  them  briefly  in  the  course  at  one  day's 
remarks;  and  an  instructor  in  Materiel  showed  his  classes 
drawings  of  a  14-inch  rifle,  which,  he  said,  their  grandchildren 
might  be  lucky  enough  to  see. 

During  these  first  camps  Gunnery  and  Matferiel  over- 
lapped and  cris-crossed  with  cheerful  inconsequence.  In- 
structors went  from  one  to  the  other.  Some  subjects  were 
taught  by  both  departments.  Nobody  could  tell  where  one 
left  off  and  the  other  began.  The  only  unmistakable  fact 
was  that  neither  of  them  had  as  yet  gotten  very  far  away 
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from  seacoast  habits  of  thought  and  practice,  but  that  both 
were  groping  through  a  maze  of  mixed  British,  French,  and 
American  methods  toward  the  new  technique. 

After  the  First  Camp  a  group  of  graduates  selected  to 
teach  Materiel  were  given  a  month's  intensive  instruction  in 
"Seacoast  Artillery  Materiel"  under  a  Regular  Army  officer, 
and  then  turned  about  and  drilled  the  Virginia  National  Guard 
Coast  Artillery  for  a  week.  Both  experiences  helped  to  make 
them  excellent  instructors,  and  since  the  training  camp  idea 
was  still  fresh  and  the  students  were  highly  selected,  the  work 
at  the  batteries  during  these  first  camps  has  never  been  sur- 
passed for  smartness  and  energy. 


In  the  Second  Camp  Mat6riel  and  related  subjects  were 
taught  as  follows: 

Major  Caliber  Seacoast  Guns 24  hours  (  8  days) 

Seacoast  Mortars 24  hours  (  8  days) 

Mobile  Artillery  (materiel,  drill,  firing  data,  fire  adjust- 
ment and  control.) 30  hours  (10  days) 

Mechanical  Maneuvers 18  hours  (  6  days) 

Telephones  and  Signalling 12  hours  (  8  days) 

Artillery  Defense  (war  game,  fire  control,  maps  and  Artil- 
lery boards.) 24  hours  (16  days) 

Mobile  Artillery  meant  the  3-inch  gun,  and  firing  data,  fire 
adjustment  and  control  in  this  connection  meant  field  artillery 
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methods,  so  far  as  it  did  not  mean  simply  a  theoretical  appen- 
dage of  the  drill.  In  Artillery  Defense  there  was,  as  has  been 
noted  under  Gunnery,  some  overseas  matferiel  which  included 
mostly  methods  and  devices  since  scrapped. 

In  the  Third  Camp,  which  occupied  fully  three  months 
instead  of  the  two  months  into  which  the  artillery  instruction 
had  been  crowded  in  the  First  and  Second  Camps,  the  various 
Matferiel  courses  were  expanded,  as  follows: 

Major  Caliber  Seacoast  guns 39  hours  (13  days) 

Seacoast  Mortars 39  hours  (13  days) 

Mobile  ArtiUery  and  Firing  Data 33  hours 

Mechanical  Maneuvers 21  hours 

Telephones  and  Signalling 19  J  hours 

Artillery  Defense  and  Fire  Control  and  Direction 39  hours 

The  2.95  mountain  gun  was  the  basis  for  the  mobile  artillery 
course.  Artillery  Defense,  as  in  the  previous  camp,  included 
the  War  Game  and  an  increasing  amount  of  overseas  matter. 

The  arrival  of  the  officers  from  France  and  the  resultant 
revolution  in  instruction  led  to  the  scrapping  of  a  good  deal 
of  this  material.  The  War  Game  was  dropped  altogether. 
The  "coffin-box"  lost  its  significance  when  it  appeared  that 
computation  must  be  done  by  the  battery  commander  with 
his  pencil  and  log  tables,  and  not  with  mechanical  devices. 
Matferiel  was  moved  forward  so  that  all  sections  would  see 
and  drill  with  the  major-caliber  guns  and  mortars  before 
tackling  ballistic  theory  and  firing  data.  The  candidate  had 
learned  what  "muzzle  velocity,"  "deflection,"  and  "drift," 
meant,  and  had  seen  corrections  made  for  them  at  the  plotting 
rooms.  At  the  same  time  it  was  realized  that  the  increasing 
emphasis  on  field  methods  and  materiel  must  crowd  out  some 
of  the  sea-coast  drill,  and  the  courses  at  the  batteries  and 
mortar  pits  were  cut  down. 

About  two  weeks  before  the  end  of  the  Third  Camp  two 
6-inch  wheel  mount  rifles  and  2  Russian  8-inch  howitzers,  with 
a  240  mm.  trench  mortar,  were  received  at  Fort  Monroe. 
Bulletins  on  the  6-  and  8-inch  pieces  were  prepared  and  mimeo- 
graphed, and  the  instructors  proceeded  to  master  the  new 
armament  for  the  benefit  of  the  candidates  of  the  Fourth  and 
later  camps.  Ammunition  was  taken  over  from  the  Gunnery 
course,  "Mobile"  Artillery  became  Heavy  Mobile  Artillery, 
and  the  field  artillery  fire  control  gave  place  to  a  more  ambi- 
tious course  in  Aiming  and  Laying.     In  the  Fourth  Camp  the 


COAST  ARTILLERY  TRAINING  IN  THE  WAR  67 

schedule  for  Materiel,  now  taught  by  the  newly  organized 
department  of  that  name,  was  as  follows: 

Seacoast  Guds 21  hours  (7  days) 

Seacoast  Mortars 21  hours  (7  days) 

Telephones  and  Signalling 6  hours  (2  days) 

Mechanical  Maneuvers    9  hours  (3  days) 

8-incb  Howitzer 15  hauis,    3  periods  of  3  hours 

6-inch  Gun 15  hours,     each   and   4     periods 

Aiming  and  Laying. ...   15  hours,    of  1}  hours  each. 

Ammunition 9  hours  (3  days). 

Total HI  hours 


(AHii-AiRCRArT  School) 

Seacoast  artillery  materiel  began  the  course,  then  came  mobile 
artillery,  with  ammunition  in  the  last  three  days  before  target 
practice.  In  the  new  course  in  Aiming  and  Laying  the  depart- 
ment was  really  encroaching  on  Tire  control  for  mobile  artillery, 
properly  the  field  of  the  Gunnery  Department,  and  indeed 
parallax  was  taught  in  both  courses. 

In  the  Fifth  Camp  this  course  in  Aiming  and  Laying,  spread 
out  rather  thinly  over  fourteen  one  and  one-half  periods, 
was  given  at  the  end  of  the  course  where  it  paralleled  Gun- 
nery. The  seacoast  batteries  received  still  less  time,  16  hours 
apiece  for  guns  and  mortars,  the  telephone  and  buzzer  were 
eliminated,  but  ammunition  continued  to  be  taught  in  a  fashion 
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which  made  it  an  oasis  in  an  arid  desert.  An  hour  and  one-half 
of  lecture  and  quiz,  in  t  his  course,  preceded  an  hour  and  one- 
half  of  written  examination.  The  quiz  invariably  provided 
the  attentive  student  with  all  the  information  he  was  asked 
to  yield  up  in  the  examination,  and  more,  and  candidates  whose 
nerves  were  rasped  by  army  regulations  and  ballistic  tables 
relaxed,  leaned  back,  and  smiled — and  "pulled"  95  or  96  on 
the  course.    The  total  allotment  for  Matferiel  was  73  hours. 

The  Fourth  and  Fifth  Camps  are  mainly  distinguished  by 
the  uniformity  in  instruction  made  possible  by  the  excellent 
organization,  and  the  service  of  the  Mimeograph,  Blueprinting, 
and  Drafting  Departments.  The  number  of  drawings  in  use 
has  constantly  increased.  During  the  first  three  camps  in- 
structors had  to  improvise  sketches  on  the  walls  of  the  emplace- 
ments or  on  brown  paper.  With  the  establishment  of  the 
drafting  and  blueprinting  service,  a  supply  of  blueprints, 
both  colored  and  uncolored,  was  created  and  over  60  different 
drawings  are  now  in  use. 

In  the  Continuous  Camp  the  last  step  was  taken  in  bringing 
together  all  the  scattered  courses  of  the  Mat6riel  Department. 
Previously  some  of  them  had  been  spread  through  the  latter 
part  of  the  camp,  but  in  the  new  schedule  the  courses  followed 
each  other  without  interruption  and  the  whole  of  Mat6riel 
was  completed  before  the  candidates  passed  on  to  Gunnery 
and  Administration.  The  First  four  companies  of  the  Con- 
tinuous Camp  took  an  abbreviated  course  in  Materiel,  with 
only  five  4-hour  periods  on  the  seacoast  guns  and  three  on  the 
mortars.  The  regular  Mat6riel^  schedule  for  the  12-weeks' 
course  was  as  follows: 

Seacoast  Guns 24  hours 

Seacoast  Mortars 20  hours 

8-inch  Howitzer 20  hours 

Railroad  Artillery,  Mechanical  Maneuvers,  and 

6-inch  Gun 16  hours 

Ammunition 14  hours 

Total 94  hours 

The  most  interesting  change  in  the  new  schedule  was  the 
addition  of  a  full  course  in  drill  as  well  as  materiel  of  the 
8-inch  howitzer,  which  had  taken  its  place  as  one  of  the  most 
useful  pieces  fired  by  the  Army  Heavy  Artillery  in  France. 
The  appearance  of  Railroad  Artillery  in  the  course  was  made 
possible  by  the  receipt  of  one  8-inch  Railway  Mount  Gun  and 
two  7-inch  Navy  guns,  railway  mount,  just  before  the  end  of 
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the  Fifth  Camp.  The  Navy  guns  were  used  merely  for  in- 
struction in  the  preparation  of  railway  mounts  for  opening 
fire.  Firing  spurs  were  built  on  the  beach  to  illustrate  the 
use  of  railway  guns. .  Gunnery  having  assumed  charge  of 
the  theoretical  part  of  Aiming  and  Laying,  Materiel  confined 
itself  to  the  mechanical  details  and  practical  handling  of  the 
panoramic  sight,  goniometer,  aiming  rule,  etc. 


THi  Qun  PoiMrm  "" 

Beginning  with  Company  K  a  slight  modification  was 
made  in  the  schedule.  One  four-hour  period  was  taken 
from  Seacoast  guns  and  added  to  the  Railway  guns,  so  that 
each  of  the  four  principal  subdivisions  of  the  course  then 
began  on  a  Monday  and  ended  on  a  Friday.  It  will  be  observed 
that  more  than  half  the  course  was  then  devoted  to  heavy 
mobile  artillery  materiel  and  related  matters.  An  unaccus- 
tomed spice  was  added  to  the  course  in  Mechanical  Maneuvers 
by  dismounting  some  of  the  old  field  and  siege  pieces  and 
burying  others  in  pits  to  give  candidates  an  opportunity  to 
do  their  own  hoisting  and  mounting. 

As  its  apogee  the  Department  of  Materiel  claimedja  total 
of  57  instructors.     These,  of  course,  began  to  fall  away  as  the 
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Continuous  Camp  reached  its  climax  and  went  into  its  early 
decline.  The  organization  of  instructors  in  "teams"  each  in 
charge  of  a  sub-course  made  their  work  particularly  effective 
during  the  Continuous  Camp. 

No  single  text-book  covering  the  subject  matter  of  Materiel 
has  been  published.  Ordnance  pamphlets  and  mimeographed 
bulletins  have  been  used,  together  with  the  C.A.D.R.  and 
Gunners*  Instructions.  A  pamphlet  on  Ammunition  was  pub- 
lished; one  on  the  materiel  of  Aiming  and  Laying  was  prepared. 
A  textbook  on  seacoast  materiel  and  the  8-inch  howitzer  is 
in  process  of  preparation. 

In  the  Continuous  Camp  the  materiel  available  for  instruc- 
tion included  the  following: 

2  batteries  12-inch  Rifles,  disappearing  carriage,     with  fire    control 

apparatus. 
2  batteries  12-inch  mortars,  with  fire  control  apparatus. 

1  battery  8-inch  howitzers,  with  communication  outfit,  sighting    tar- 
gets, etc. 

2  6-inch  wheel-mount  guns. 

1  8-inch  Railway  Mount  Gun. 

2  7-inch  railway  mount  Navy  guns. 

1  9.45  trench  mortar. 

2  2.95  mountain  guns. 
Anmiunition  cars  for  railway  guns. 

Aiming  rules,  French  goniometers,  U.  S.  panoramic  sights,     gunners 

quadrants.. 
Gins,  shears,  etc. 

For  use  in  mechanical  maneuvers: 

1  muzzle  loading  cannon. 
1  3.2  field  gun. 
1  5-inch  seige  gun. 
1  7-inch  seige  howitzer. 

Orientation 

No  other  course  in  the  training  camp  grew  as  quickly  or 
suffered  as  many  changes  in  terminology  as  Orientation.  It 
began  as  a  brief,  unassuming  affair  that  looked  for  its  origins 
chiefly  to  the  Master  Gunner  course,  it  grew  to  be  second  only 
to  Gunnery  in  importance  and  fully  its  equal  in  awe-inspiring 
prestige.  Those  candidates  who  took  the  last  two  weeks  of 
Orientation  and  the  first  two  weeks  in  Gunnery  simultaneously 
acquired  a  profound  respect  for  both  courses — if  they  survived 
to  have  any  opinion  at  all. 

The  First  Camp  devoted  a  grand  total  of  nine  hours  to 
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Maps  and  Field  Fortitications.  Three  hours  sufficed  for  a 
plane  table  traverse  and  three  point  problem;  three  more  for 
map  reading,  profiling,  and  contour  study  from  the  honorable 
Gettysburg  maps;  three  more  were  given  to  staking  out  trench 
"traces"  and  the  consideration  of  field  fortifications.  The 
candidates  worked  their  plane  tables  around  the  little  park  by 
the  dock;  their  peaceful  horizon  was  bounded  by  the  Com- 
mandant's house  on  one  side,  the  Chamberlin  Hotel  on  another, 
and  the  gentle  surf  of  Hampton  Roads  on  the  third.  But  on 
some  sections,  including  that  which  claimed  the  Senior  Instruct- 


or of  later  courses,  it  "rained  blue  blazes."  There  was  no 
digging  in  field  fortifications,  and  nothing  said  of  camouflage 
though  some  interesting  experiments  in  this  art  accompanied 
target  practice.  Some  twelve  traverse  boards  serving  for 
plane  tables  were  the  beginning  and  end  of  the  available 
equipment.  There  was  a  textbook:  Spaulding's  Training 
Manual  in  Topography,  Map  Reading  and  Reconnaissance. 
Griggs'  Map  Reading  and  Sketching,  also  recommended,  proved 
to  have  interesting  ballistic  qualities  as  a  squadroom  missile. 
The  instructors  were  one  first  lieutenant  and  two  master 
gunners. 
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In  the  Second  Camp  Map  Reading  and  Field  Fortification 
had  grown  a  little.  It  now  commanded  a  total  of  26  hours, 
20  for  the  first  part  of  its  title,  6  for  the  second.  In  Map 
Reading  ten  hours  were  given  to  the  study  of  map  scales, 
conventional  signs  (in  all  seriousness),  contouring,  and  pro- 
filing. British  battle-maps  made  their  appearance,  and  while 
it  was  only  a  trace,  there  was  a  trace  of  overseas  materiel, 
from  British  sources.  At  least  the  course  had  gotten  away 
from  the  traditional  Gettysburg  area.  Six  hours  were  devoted 
to  the  plane  table.  The  traverse  parties  left  the  park  and 
took  to  the  parapet.  Only  graphic  solutions  of  the  three- 
point  problem  were  attempted.  Four  hours  were  claimed  by 
the  transit,  now  that  three  instruments  had  been  acquired^in 
addition  to  the  25  traverse  boards  that  were  now  on  hand. 

By  the  Third  Camp  the  rapidly  growing  course  had  acquired 
a  middle  name  and  gained  half  its  former  length.  Map 
Reading,  Sketching,  and  Field  Fortifications  was  assigned 
thirteen  periods  of  three  hours  each.  The  serious  introduction 
of  the  transit  as  an  instrument  of  triangulation  (the  traverse 
was  not  yet  taught)  was  the  principal  change  in  the  course  as 
it  was  given  in  the  first  part  of  the  camp  to  half  the  sections. 
Twenty-seven  hours  belonged  to  map  reading  and  plane  table 
traverses,  laying  out  a  base  line  and  simple  triangulation 
problems  with  the  transit,  and  the  British  firing  board  (which 
was  only  a  step  removed  from  the  Coast  Artillery  plotting 
board).     Four  hours  were  devoted  to  field  fortifications. 

This  course  was  nearing  completion  for  the  half  of  the  camp 
that  happened  to  have  it  first  (under  the  rotary  system  then 
in  force)  when  the  arrival  of  Colonel  Welshimer  and  General 
Sunderland  released  a  quantity  of  new  material  which  added 
tremendously  to  the  stock  of  technical  information  which 
could  and  must  be  taught  to  officer  candidates  who  expected 
to  serve  batteries  in  France.  The  department  had  already 
been  struggling  with  atrocious  translations  of  French  orienta- 
tion manuals — translations  which  effectively  camouflaged  the 
methods  of  the  orienteur.  Now  that  accurate  and  negotiable 
information  was  ready  for  use,  however,  the  instructors  put 
over  the  most  rapid  adjustment  of  fire  ever  seen  in  the  training 
camp.  They  whipped  the  new  matter  into  shape  for  immediate 
consumption  and  interjected  twelve  one  hour  lectures  into 
the  middle  of  the  camp,  by  means  of  which  the  gist  of  the 
French  system  was  at  once  passed  on  to  the  cadidates  who 
had   already   completed   the   existing  course.     The   Manual 
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Jot  the  Artillery  Orientation  Officer,  extracts  in  translation 
from  the  Manual  de  POfficer  Orienteur  d'Artillerie,  covering 
both  orientation  and  firing  computations,  was  distributed  as 
far  as  the  supply  went — about  two  to  a  squad.  The  Lambert 
projection  and  quadrilage  and  related  material  were  thus 
added  to  the  stock  in  trade  of  the  candidates,  and  the  instruct- 
ors proceeded  to  mull  over  rel6vement  and  the  United  States 
method  of  resection  in  preparation  for  later  classes. 

Since  it  was  now  decided  that  Orientation,  or  Topography 
as  the  Fourth  Camp  called  it,  should  parallel  Materiel  as  the 
introductory  part  of  the  curriculum,  preceding  Gunnery,  the 
instruction  staff  had  no  such  convenient  interval  to  reorganize 
their  course  as  the  teachers  of  Gunnery  enjoyed.  With  the 
beginning  of  the  Fourth  Camp  the  new  course  was  ready. 
Liberal  use  of  the  mimeograph  and  the  publication  of  copies 
of  the  Vailly  square  of  the  French  battle  maps  supplemented 
the  available  texts  for  the  time  being,  and  Major  Walton  C. 
Clark,  (then  Captain)  was  at  work  upon  a  text-book  which 
should  gather  up  the  old  and  new  material  in  convenient  form. 
Twenty-three  days,  with  three  hours  each,  were  given  to 
topography;  four  more  to  field  fortification,  making  a  total 
of  81  hours.  The  equipment  for  field  work  had  been  increased 
to  17  transits,  50  plane  tables,  and  25  traverse  boards.  Topog- 
raphy, French  cartography  and  quadrillage  traverses  and 
triangulation,  intersection  and  resection,  with  all  the  new 
methods,  topographic  reconnaissance  panoramic  sketching 
and  orientation  for  railway  artillery  made  up  the  new  course. 
Field  Fortifications  took  unto  itself  a  lecture  on  camouflage 
and  *'field  work,**  which  was  accomplished  with  spade  and 
sand-bag  on  the  beach,  where  an  elaborate  battery  position 
was  laid  out. 

Orientation  for  Heavy  Artillery,  fresh  from  the  presses, 
was  ready  for  the  Fifth  Camp.  Aside  from  a  somewhat  fuller 
treatment  of  certain  subjects,  quadrillage,  meridian  determina- 
tion, etc.,  the  material  thus  made  available  for  study  was  not 
very  different  from  what  had  been  used  in  the  Fourth  Camp. 
The  course  as  a  whole  grew  a  little;  orientation  proper  gained 
six  hours  and  field  fortifications  lost  three,  making  the  net 
total  84  hours.  The  instruction  staff  was  increased  to  20; 
the  transits  to  40. 

To  keep  pace  with  the  Continuous  Camp  the  department 
more  than  doubled  its  staff  after  the  Fifth  Camp,  reaching  a 
maximum  of  48  instructors,  and  put  out  a  revised  edition  of 
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its  text-book.  The  new  version  shows  a  number  of  improved 
diagrams,  the  Itahao  method  has  been  added  to  the  graphical 
solutions  of  the  three-point  problem  and  the  text  has  been 
strengthened  here  and  there  throughout  the  book.  Ninety- 
five  transits  and  100  plane  tables  were  oa  band,  which  insured 
an  ample  supply  of  equipment  for  the  Continuous  Camp. 

When  the  new  French  methods  were  first  brought  to  the 
School,  it  was  specifically  ordered  that  existing  French  terms 
should  be  used.     Gisement,  Jeesmo,  Gueesmong,  Jeesmawnt, 
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and  half  a  dozen  other  variations  of  that  intriging  term  were 
accordingly  current  in  section-rooms  and  barracks  during  the 
Fourth  and  Fifth  Camps. 

The  three  non-descript  dogs  which  frequented  the  parade 
ground  escaped  with  the  names  of  "Wind,"  "Drift,"  and 
"Travel,"  but  more  than  one  instructor  would  have  been  sur- 
prised to  hear  the  highly  technical  Gallic  terms  which  the 
classroom  jargon  fastened  on  him  behind  his  back.  Candidates 
prattled  of  True,  Magnetic,  and  "Grid"  north  and  occasionally, 
in  Gunnery,  one  who  was  especially  bold  would  venture  on 
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Coup  de  flambage.    Essai  fire  and  amelioration  fire  became 
commonplace. 

But  while  the  whole-hearted  acceptance  of  French  tech- 
nique, to  the  exclusion  of  the  British  precedents  which  had 
flavored  the  early  camps,  was  in  no  way  altered,  the  Heavy 
Artillery  School  of  the  American  E.  F.  eventually  rebelled 
against  this  French  terminology.  Accordingly  a  bulletin 
issued  shortly  before  the  end  of  the  Fifth  Camp  prescribed 
that  certain  new  American  terms  should  replace  the  familiar 
French  ones. 

Consequently  gisement  became  Y-azimuth,  grid  north 
became  y-north,  and  only  relfevement  (alias  revelment)  re- 
mained to  try  the  tongues  of  candidates  and  those  who  had 
once  been  candidates. 

Tactical  Training 

In  spite  of  the  fact  that  the  candidates  of  the  First  and 
Second  Camp  came  to  Fort  Monroe  with  a  month's  intensive 
infantry  training  behind  them,  a  daily  period  of  infantry  drill, 
with  frequent  parades  in  addition,  was  a  fixed  feature  of  the 
schedule  in  each  training  camp.  For  several  camps  it  was 
customary  to  call  a  candidate  out  without  warning  to  take 
any  command  from  platoon  leader  to  battalion  adjutant. 
On  the  basis  of  his  performance,  in  large  measure,  depended 
his  "company  mark" — that  most  mysterious  and  most  feared 
rating  which  the  company  commander  and  his  lieutenants 
were  charged  with  determining.  Later  this  ordeal  was  miti- 
gated by  announcing  beforehand  what  candidates  were  to 
command.  During  the  first  five  camps  the  company  mark  was 
given  on  a  percentage  basis,  physical  qualities,  aptitude, 
military  leadership,  and  character  being  given  equal  weight, 
together  with  a  mark  for  education  and  one  for  occupation 
which  were  assigned  by  the  School  headquarters.  Beginning 
with  the  Continuous  Camp  the  Scott  system  of  rating, 
as  prescribed  for  all  officers,  was  adopted  for  candidates  as 
well. 

The  partial  use  of  the  rifle  in  the  Fourth  Camp  and  the 
arming  of  all  candidates  in  the  Fifth  Camp  have  already  been 
noticed.  In  the  Continuous  Camp  this  instruction  was  to  be 
carried  to  its  logical  conclusion,  and  each  company  was  to 
have  some  training  on  the  rifle  range,  but  this  plan,  like  the 
projected  guard  duty  which  all  candidates  were  to  perform 
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for  training  purposes,  fell  by  the  wayside  when  the  camp  came 
to  a  halt.     But  the  candidates  could  sing — and  sing  they  did. 

The  training  camp  inspections — ^who  cares  to  recall  these? 

Long  before  one  reached  Fort  Monroe,  their  fame  reached 
the  prospective  candidate,  to  wither  his  hopes.  Graduates  who 
had  not  been  overly  attentive  to  the  dust  rag  enlarged  upon 
the  subject;  they  carried  to  the  defenses  harrowing  tales  of 
the  way  in  which  inspecting  officers  would  drag  a  white  finger 
at  random  around  locker  or  bed  or  floor  or  ceiling  and  then 
condemn  the  candidate  whose  possessions  were  found  anything 
less  than  immaculate,  to  grievous  penalties.  When  one 
actually  arrived,  he  discovered  that  while  it  was  in  truth 
wearisome  to  fold  one's  mattress,  sheets,  and  blankets,  line  up 
one's  pillows,  sweep  one's  section  of  floor,  dust  one's  cot  and 
locker  inside  and  out  and  on  top,  and  wipe  off  one's  locker 
trunk  for  the  fortieth  time,  every  morning  for  three  months, 
it  did  become  possible  after  practice  to  do  all  these  things 
before  the  bell  rang  and  still  have  time  for  a  hasty  glance  at 
administration  or  a  meditative  cigarette  on  the  barrack  porch. 
And  he  discovered  further  that  the  vagaries  of  the  breeze  in 
the  squadroom  often  undid  his  most  earnest  labors,  and  that 
in  the  long  run  the  "skin"  lists  reflected  meteorological  condi- 
tions quite  as  accurately  as  character,  and  unless  one  was 
very  unfortunate,  or  very  wicked,  it  was  not  necessary  to  take 
them  too  seriously. 

Gas  Defense 

No  course  which  attempted  to  fit  men  for  overseas  service 
could  omit  instruction  in  gas  defense.  Accordingly  the  Gas 
Defense  Division  of  the  Chemical  Warfare  Service  established 
itself  at  Fort  Monroe  in  March  1918,  and  commenced  to  give 
candidates,  officers,  and  the  regular  troops  of  the  defenses 
necessary  drill  with  the  small-box  respirator  and  lectures  on 
the  use  of  gas  and  the  practice  of  all  known  defensive  measures. 

For  men  in  the  training  camp  this  took  the  form  of  a  five-day 
course,  later  given  in  three  days,  which  involved  enough  drill 
with  the  respirator  so  that  every  candidate  could  pass  a  time- 
test  for  rapid  adjustment  and  could  safely  be  put  through 
''gas  demonstration"  which  included  exposure  to  lachrymatory 
gas,  a  concentration  of  chlorine  sufficient  to  cause  death  in 
five  minutes,  and  a  series  of  outdoor  ''gas  attacks." 
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Advanced  and  Special  Courses 

During  the  war  the  biggest  task  Fort  Monroe  has  been 
called  upon  to  do  has  been  the  training  of  new  officers.  But 
it  is  clear  enough  that  if  the  course  for  candidates  changed  so 
radically  in  the  course  of  a  year  and  a  half,  there  must  have 
been  many  officers  with  only  the  old  coast  artillery  training 
behind  them  who  needed  quite  as  much  as  the  candidates  to 
be  acquainted  with  the  new  overseas  technique. 

For  their  benefit  a  series  of  "basic  courses"  were  given  by 
the  Coast  Artillery  School  after  the  regular  Officers'  Course 
had  been  suspended.  These  courses  ran  from  six  to  eight 
weeks,  and  gave  the  students  approximately  the  equivalent 
of  the  gunnery,  heavy  mobile  materiel,  and  orientation  which 
the  candidates  were  learning.  The  first  course  was  begun  in 
January;  by  September  all  the  officers  then  available  for  in- 
struction had  received  some  such  training  and  the  courses 
were  therefore  discontinued.    They  were  given  as  follows: 

Under 

Instruction  Passed 

1st  course         January  5  to  February  23,  1918.                    300  169 

2nd  course        March     2  to  April         20,  1918.                    150  95 

3rd  course        May        4  to  June          29,  1918.                    150  97 

4th  course        July         8  to  September  6,  1918.                    150  106 

Total  750  467 

The  outline  of  the  course,  as  it  finally  took  shape,  is  given 
below: 

Hours 

Gunnery   130 

Orientation  and  Field  Fortification 88 

Materiel 42 

Gas 14 

Target  Practice 25 

299 

Since  the  officers  who  took  this  course  were  thoroughly 
familiar  with  the  ordinary  fire  control  systems  in  use  in  the 
Coast  Artillery  it  was  necessary  only  to  relate  the  new  methods 
to  what  they  already  knew.  A  great  deal  of  time  could  be 
given  to  adjustment  of  fire,  and  out  of  this  intensive  study 
developed  the  "puff  board"  and  the  "dispersion  board"  with  its 
associate  the  "hit  bag."  The  "puff  board"  is  a  miniature  terrain 
on  which  typical  targets  are  indicated,  so  conltnlcted  that 
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puffs  of  ammonium  chloride  can  be  blown  at  any  desired  point 
to  represent  the  explosion  of  a  shell.  It  was  used  in  giving 
candidates  a  final  drill  in  methods  of  observation  and  adjust- 
ment. The  ''dispersion  board"  and  the  "hit  bag,"  in  which  the 
theory  of  probability  is  given  an  engaging  demonstration  and 
adjustment  takes  a  pleasantly  graphic  form,  proved  tremen- 
dously entertaining  in  the  classroom,  and  candidates  some- 
times had  to  be  dissuaded  from  gambling  away  their  study- 
hours  with  it. 

Aerial  Observers 

The  plan  first  adopted  to  secure  aerial  observers  who 
should  be  suflSciently  familiar  with  artillery  practice  to  be 
successful  in  the  air,  was  to  detail  a  certain  number  of  grad- 
uates of  the  training  camp,  already  commissioned,  to  Langley 
Field  for  training  in  observation.  During  the  Fifth  Camp  the 
increasing  need  for  officers  of  this  class — as  of  all  others — 
led  to  a  new  plan,  which  brought  to  Fort  Monroe  from  the 
Ground  Schools  of  Aviation,  cadets  who  were  in  the  middle 
of  their  training  as  aviators.  Here  they  were  given  a  seven 
weeks'  course  with  a  very  liberal  share  of  Gunnery,  some 
Matferiel  and  Orientation,  with  Gas  Defense  and  Target 
Practice.  The  purpose  of  this  course  was  "to  give  the  student 
a  consciousness  of  the  artilleryman's  problems  rather  than  a 
working  knowledge  of  them."  After  the  completion  of  the 
work  at  Fort  Monroe  the  cadets  were  sent  on  to  a  flying 
field  to  be  trained  in  the  air  as  observers.  The  great  difficulty 
with  the  course,  from  the  student's  standpoint,  was  that  the 
promised  commissions  for  which  they  were  training  proved  to 
be  more  elusive  than  any  camouflaged  battery  in  France. 
The  course,  in  outline,  was  as  follows: 

Hours 

Gunnery 118 

Orientation 45 

Materiel 40 

Target  Practice 24 

Gas  Defense 12 

"239 

When  the  Continuous  Camp  began,  part  of  the  plan  was 
that  a  detachment  of  50  aviation  cadets  should  be  attached 
to  each  of  the  training  companies.  During  October  the 
white  hat-band,  which  had  been  rather  a  curiosity  inside  the 
Old  Fort  during  the  summer,  became  a  very  familiar  sight. 
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Advanced  Orientation  Course 

All  the  candidates  who  went  through  the  training  camp 
after  the  Third  Camp  knew  something  of  the  topographical 
processes  which  a  battery  officer  might  be  called  upon  to  use 
in  the  absence  of  the  battalion  orienteur.  But  a  man  un- 
familiar with  transits  can  not  get  much  facility  in  a  few  after- 
noon's squad  practice,  and  the  real  work  of  orientation  with 
the  armies  in  France  demanded  better  qualified  men  than  the 
average  graduate. 

Experienced  surveyors  and  engineers  were  accordingly 
assigned  to  a  special  course  in  Advanced  Orientation  which 
was  inaugurated  on  July  8,  1918,  with  twenty  student  officers. 
It  was  an  eight  weeks'  course,  half  given  at  Fort  Monroe  and 
half  (because  of  the  exceeding  flatness  of  Old  Point  Comfort) 
at  Charlottesville,  Virginia,  where  real  topography  was  to  be 
found.  Most  of  the  work  was  given  in  the  field,  in  the  form 
of  practical  problems,  which  included  all  the  ordinary  tasks 
of  the  orienteur  and  gave  the  student  a  critical,  comparative 
knowledge  of  all  the  methods  in  use  for  performing  those 
tasks. 

A  second  group  of  nineteen  students  began  this  course  on 
September  23,  1918;  a  third  group  of  forty  on  October  7. 
In  the  Continuous  Camp  it  was  planned  to  detail  eight 
graduates  from  every  company  to  Advance  Orientation,  but 
the  suspension  of  the  plan  came  too  soon  for  this  to  be  put 
into  effect. 

Anti-Aircraft  Artillery  Course 

Pending  the  establishment  of  an  anti-aircraft  artillery 
school  at  the  School  of  Fire  at  Camp  Eustis  (which  would 
make  a  story  in  itself),  a  series  of  five  weeks'  courses  have  been 
given  in  this  arm  of  the  service,  at  Fort  Monroe.  The  first 
class  of  twenty  officers  began  work  in  February,  1918.  The 
function  of  the  school  was  to  prepare  its  students  for  service 
in  the  line  so  far  as  that  was  possible  with  the  materiel  avail- 
able in  this  country;  it  was  expected  that  they  would  take  a 
further  course  at  the  American  Anti-aircraft  School  in  France, 
but  that  this  course  could  be  shortened  because  the  funda- 
mental instruction  was  given  here.  Three  officers  have  been 
sent  back  to  Fort  Monroe,  from  the  A.  E.  F.  each  each  month, 
to  insure  teaching  of  thoroughly  up-to-date  methods,  three 
others  being  released  from  the  teaching  staff  here  to  overseas 
units. 
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The  student  officers  in  this  course  were  picked  for  special 
technical  qualifications.    The  course  covered  these  subjects: 

Anti-aircraft  Artillery. 
Day  fire  control. 
Night  fire  control. 
Listening  apparatus. 
Searchlights. 

Aeroplanes. 

Characteristics. 
Methods  of  identification. 
Enemy  types. 

Field  Service. 

Selection  of  battery  positions. 

Defensive  observation  balloons. 

Dugouts  and  emplacements. 

Defense  of  cities,  ammunition  dumps  and  back  areas. 

Camouflage. 

Pompoms. 

Balloons 

Smoke  screens. 

Light  barrages. 

Practical  problems  were  worked  out  in  the  course,  and  a 
good  deal  of  firing  was  done  with  the  anti-aircraft  gun  on  the 
beach.  Watching  for  the  bursts  became  a  favorite  sport  of 
the  training  camp.  On  the  completion  of  the  course,  accord- 
ing to  an  official  statement,  the  officer  was  equipped  "to 
devise,  improvise,  and  operate  sufficient  fire  control  apparatus 
to  enable  him  to  take  charge  immediately  of  an  anti-aircraft 
battery." 


Barracks  and  Fills 

This  section  is  base  on  a  statement  kindly  prepared  by  Major  Arthur 
H.  Lloyd,  Engineer  Corps,  who  has  been  in  charge  of  construction  at  Fort 
Monroe). 

It  is  hardly  to  be  expected  that  Fort  Monroe  would  accom- 
modate comfortably  these  unprecedented  thousands  of  students, 
together  with  its  usual  garrison  and  staff.  In  the  autumn  of 
1917  it  was  decided  to  build  temporary  buildings  to  house  the 
work  and  workers  at  the  Fort  during  the  war.  A  project 
involving  forty  buildings  of  standard  cantonment  types  was 
prepared  and  the  constructing  quartermaster  was  authorized 
to  proceed  with  the  work  about  November  1. 


82  JOURNAL   U.    S.   ARTILLERY 

It  was  necessary  not  only  to  put  up  barracks  and  quarters 
for  large  numbers  of  men  and  officers,  but  to  increase  the 
water  supply,  sewer  capacity,  lighting  plant,  and  the  post 
railroad.  The  urgent  necessity  for  rapid  construction  was 
well  understood,  and  every  effort  was  made  to  complete  the 
buildings  in  the  shortest  possible  time.  Contracts  were 
quickly  executed,  material  ordered,  and  the  work  pushed  to 
the  limit,  with  the  result  that  in  less  than  three  weeks  candi- 
dates were  established  comfortably  in  buildings  constructed 
of  lumber  which  was  actually  growing  in  the  forest  not  much 
more  than  a  month  before. 

It  soon  became  evident  that  this  project  alone  would  not 
meet  the  requirements  of  the  situatuion.  The  classroom  of 
the  Coast  Artillery  School  had  ordinarily  been  used  by  not 
more  than  forty  students  in  the  course  of  a  year;  now  candidates 
were  enrolled  by  the  thousand.  Authorizations  for  additional 
accommodations  followed  each  other  in  rapid  succession  until 
a  total  of  twenty-one  were  received,  calling  for  the  erection 
of  about  250  different  buildings.  These  included  schoolroom 
buildings — the  familiar  double-decked  section-room  unit  and 
barracks,  messes,  officers'  quarters,  latrines  and  warehouses. 
The  type  of  building  depended  largely  upon  individual  re- 
quirements and  nearly  twenty  different  designs  were  finally 
adopted. 

Odd  comers  of  the  reservation  were  soon  occupied  by  two 
story  shacks  of  unpainted  wood,  set  this  way  and  that,  wherever 
room  could  be  found  for  them.  Down  the  beach  toward 
Buckroe  crept  the  outposts,  with  barrack  units,  gun  sheds, 
gas-houses  and  the  like  flanking  the  concrete  road,  and  in  the 
intervals  between  them,  officers'  quarters  squatting  bungalow 
fashion  on  the  seaward  side,  making  a  brave  attempt  to  look 
homelike  between  the  truck  trains  and  the  railroad  track. 

Early  in  1918  it  became  clear  that  there  was  actually  not 
enough  ground  at  Fort  Monroe  to  accommodate  the  buildings 
which  would  be  necessary.  The  only  thing  to  do  was  to  make 
more.  Accordingly  a  fill  was  planned  in  the  vicinity  of  the 
causeway  on  the  edge  of  Mill  Creek.  Sand  from  the  Bay  was 
pumped  into  the  marsh  from  the  intake  of  the  moat  to  a  point 
close  to  the  end  of  the  trestle  across  the  creek,  the  outer 
boundary  of  the  area  being  bulkheaded  in  a  more  or  less 
temporary  manner  to  prevent  excessive  spreading  of  the 
dredgings.  On  the  land  thus  reclaimed,  barrack  units  and 
study  halls  were  erected  for  the  companies  of  the  Continuous 
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Camp,  which  very  soon  overflowed  the  barracks  within  the 
Old  Fort  which  had  sufficed  for  the  earlier  camps. 

The  area  of  Fort  Monroe  was  further  increased  by  a  fill 
between  the  railroad  trestles  back  of  St.  Mary's  Catholic 
Church,  devoted  to  the  use  of  the  Enlisted  Men's  Department. 
The  two  fills  together  added  to  the  post  an  area  equal  to  about 
twenty-five  acres.  Nearly  four  thousand  cubic  yards  of 
material  had  to  be  moved  for  this  purpose. 

On  November  11  orders  were  received  to  suspend  all 
operations,  and  work  was  practically  stopped  on  the  following 
day.  The  job  had  been  complicated  by  the  fact  that  .un- 
skilled and  skilled  labor  had  to  be  brought  daily  from  Hampton 
and  Phoebus,  which  put  a  considerable  strain  on  the  limited 
transportation  facilities  and  made  it  impossible  to  place  a 
sufllicient  force  on  the  work  to  complete  it  in  record  breaking 
time.  The  figures  representing  the  work  done  are,  of  course, 
small  beside  some  of  the  other  operations  conducted  by  the 
Construction  Division. 

But  during  the  entire  period  of  war  construction  at  Fort 
Monroe  one  building  for  every  working  day  was  completed 
and  ready  for  occupancy.  During  the  last  month  the  work 
went  at  top  speed  and  two  buildings  for  each  working  day 
were  made  ready. 

Five  million  feet  of  lumber  was  used,  and  over  six  thousand 
squares  of  roofing.  The  lumber  consumed — ^270  full  carloads, 
if  carried  in  one  train  would  require  a  train  more  than  two 
miles  long.  If  all  the  buildings  put  up  at  Fort  Monroe  during 
the  war  were  thrown  into  one,  that  one  would  be  about  three 
miles  long. 
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ENUSTED  MEN'S  DEPARTMENT 
By  Lieutenant  Colonel  R.  P.  Hall,  C  A. 

April  16,  1917  found  this  branch  of  the  Coast  Artillery 
School  with  the  Artillery,  Clerical,  and  Electrical  classes  pur- 
suing their  regular  eleven  month  courses  and  the  RaHio  class 
its  regular  six  month  course.  There  were  approximately  one 
hundred  and  thirty  students  in  the  four  courses.  This  was 
about  the  largest  enrollment  that  this  Department  had  ever 
had  and  was  of  such  a  size  that  all  the  books  and  apparatus 
were  being  used  lo  full  capacity. 

As  early  as  the  middle  of  February  this  Department  had 
tion  of  whether,  in  an  emergency,  its  ooit  scs 
md  it  had  been  decided  that  due  to  t!ie  scope 
A'ould  be  impossible  to  cover  the  ground  in 
usual  period  unless  the  mental  qualifications 
raised.  New  three  month  and  six  month 
[J  prepared  by  the  Senior  instructors  in  each 
h  shorter  course  on  students  entering  with 
so  that  the  high  standard  of  the  graduates 
t  would  not  be  lowered, 
a  letter  from  the  Office  of  the  Chief  of  the 
)rps  suggested  that  as  there  would  be  many 
the  non-commissioned  staff  due  to  many  of 
;  commissions  for  the  emergency  that: 
it  classes  in  the  School  be  graduated  as  soon 
qualified  for  temporary  appointments. 
2.  That  the  vacancies  at  the  School  caused  by  these 
temporary  appointments  be  filled  by  qualified  men. 

It  was  further  suggested  that  perhaps  specialists  for  the 
Coast  Artillery  Corps  could  be  made  direct  from  civilian  life. 
Immediately  the  Department  sent  forward  the  schedules  for 
shorter  courses  and  recommendations  for  graduating  the 
present  classes  at  the  end  of  an  intensive  twelve  week  period 
and  starting  larger  emergency  classes  of  either  three  or  six 
months  duration. 

On  May  14  the  men  in  all  the  ^regular  courses  except 
Radio  were  started  on  re-adjusted  schedules  so  that  they 
could  be  graduated  at  the  end  of  another  twelve  weeks.     The 

'PrapBTci  oader  ■uparvuian  ol  Cdooel  Eograa  Reybold,  C.  A.,  Director 
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Radio  course  continued  its  regular  six  months  course  gradu- 
ating classes  of  fourteen  men  on  June  15,  and  twenty  men  on 
November  13,  and  a  special  class  of  thirteen  advanced  students 
on  September  17.  With  the  emergency  courses  starting  about 
the  middle  of  November  1917  the  Radio  course  started  in  on 
twelve  weeks  emergency  classes  in  step  with  the  other  branches 
of  the  Department.  On  August  3,  1917,  the  following  numbers 
of  men  were  graduated  with  permanent  warrants: 

Artillery 13 

Clerical -21 

Electrical--- 42 


The  following  letter  from  the  Chief  of  the  Coast  Artillery 
to  the  Adjutant  General  of  the  Army  and  its  indorsements 
started  the  training  of  enlisted  specialists  at  five  separate 
Schools : 

May  23,  1917. 
From:  Chief  of  Coast  Artillery. 

To;  The  Adjutant  General. 

Subject:  Temporary  N.C.S.O.,  C.A.C. 

1.  In  connection  witti  letter  of  this  olTice  dated  May  18,  1917.  (O.C.C.A. 
4489/187),  it  is  recommended  that  the  following  instructions  be  communi- 
cated to  the  Commanding  Generab,  Northeastern,  Eastern,  Southeastern 
Western.  Hawiian,  and  Philippine  Departments:- 
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(a)  In  order  to  qualify  enlisted  men  who  are  now  in  the  CoslsI  Artillery 
G)rps,  or  civilians  who  enlist  in  the  Coast  Artillery  Corps  for  the  period  of 
the  war,  to  fill  temporary  vacancies  caused  by  the  temporary  detachment 
of  enlisted  specialists  to  the  Officers'  Reserve  Corps  or  as  temporary  officers, 
the  following  procedure  will  be  adopted:- 

I.  Department  commanders  will  cause  information  to  be  dissemi- 
nated as  to  the  qualifications  that  temporary  appointees  must  possess  to 
discharge  their  duties  as  temporary  specialists,  the  service  they  will  be  re- 
required  to  perform,  the  pay  and  allowances  of  each  grade,  and  such  other 
information  as  may  be  of  general  interest  to  prospective  candidates.  This 
information  will  be  sent  to  all  coast  defense  commands,  to  technical  schools, 
and  colleges,  and  to  electrical  or  other  manufacturing  establishments  which 
offer  promising  material  for  the  electrical  and  mechanical  grades  in  the 
Coast  Artillery  Corps. 

II.  Efforts  will  be  made  to  obtain  qualified  civilians  by  enlistment 
in  the  Coast  Artillery  Corps  for  the  period  of  the  war.  These  men  should 
be  informed  that  they  should  make  application  for  attendance  at  the  schools 
for  the  instruction  of  candidates  for  temporary  appointments  as  enlisted 
specialists  to  department  commanders  of  the  departments  in  whose  geo- 
graphical limits  they  are  located.  These  applications  will  be  forwarded  to 
the  commandants  of  the  schools  designated  below,  who  will  examine  care- 
fully the  papers,  and  decide  whether  or  not  a  candidate  will  be  admitted  to 
the  school. 

III.  Upon  notification  that  the  candidate  is  successful  in  his  exami- 
nation, and  eligible  for  admission  to  the  school,  he  will,  upon  enlistment,  be 
ordered  by  the  department  commander  to  report  to  the  commandant  of 
the  school  for  the  course  of  instruction.  If  he  successfully  completes  the 
three  months'  course  of  instruction,  he  will  be  eligible  for  temporary  appoint- 
ment as  an  enlisted  specialist. 

IV.  In  a  similar  manner,  enlisted  men  of  the  Coast  Artillery  Corps 
will  be  given  an  opportunity  to  apply  for  this  course. 

V.  The  necessary  travel  orders  will  be  Issued  by  department  com- 
manders. 

VI.  The  commanding  officers  of  these  training  schools,  upon  the 
completion  of  the  course  of  instruction,  will  arrange  the  successful  candidates 
for  each  grade  on  one  list  according  to  merit,  based  on  their  practical  and 
theoretical  work  during  the  school  course.  These  lists  will  be  forwarded  at 
once  to  the  Adjutant  General  of  the  Army. 

VII.  The  temporary  appointments  will  be  made  by  the  Secretary  of 
War.  When  department  commanders  receive  notification  that  successful 
candidates  have  been  given  temporary  warrants,  they  will  cause  these 
temporary  specialists  to  be  assigned  to  duty  in  their  departments  upon  the 
recommendations  of  Coast  Artillery  district  commanders. 

VIII.  Men  accepting  temporary  positions  as  specialists  will  be 
informed  that  the  tenure  of  these  positions  will  be  limited  to  the  existing 
emergency;  and  that  upon  the  return  of  the  permanent  appointees  to  occupy 
the  permanent  positions  after  the  existing  emergency  shall  have  terminated, 
they  will  be  placed  on  the  list  of  eligible  candidates  from  which  vacancies  in 
the  permanent  list  of  specialists  which  may  have  occurerd  during  the  emer- 
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gency,  or  which  may  occur  after  the  emergency,  will  be  filled,  provided  their 
■ervices  have  beea  satisfactory  as  temporary  appointees. 
(b)     Schools  will  be  established  at  the  following  places: 
Fort  Monroe,  Va-,  for  the  Northeastern,  Eastern  (except  Panama),  and 
Southeastern  Departments, — to  be  commanded  by  the  Commanding  Officer, 
CD.  of  Chesapeake  Bay; 

Ft.  Winfield  Scott,  Cal.,  tor  the  Western  Department, — to  be  commanded  by 
the  Commanding  OfTtcer,  Coast  Defenses  of  San  Francisco; 
Fort  Kamehameha.  H.  T.,  for  the  Hawiian  Department, — to  be  commanded 
by  the  Commanding  OBicer,  Coast  Defenses  of  Oahu; 

Port  Mills,  P.  t.,  for  the  Philippine  Department, — to  be  commanded  by 
the  Commanding  General,  Coast  Defenses  of  Manila  and  Subic  Bays; 
Fort  Grant.  C.  Z.,  for  the  Panama  Coast  Artillery  District,— to  be  com- 
manded by  the  Commanding  Officer,  Coast  Defenses  of  Balboa. 


A   Pliii  of  TnucKi  Driven  air  Mqiok  Tmahifont  Siudehii  **" 

2.  Department  commanders  should  be  informed  that  they  may  use  any 
method  of  advertising  or  dissemination  of  information  that  they  may  deem 
advisable,  in  securing  applicants  for  these  special  courses.  Undoubtedly, 
there  are  many  electrical  and  mechanical  experts  in  civil  life  who  could 
take  up  the  work  of  specialists  in  the  Coast  Artillery  Corps  very  promptly, 
and  who  would  be  glad  to  do  so  for  the  period  of  the  existing  emergency. 

3.  The  course  of  instruction  should  begin  on  June  25,  1917.  or  as  soon 
thereafter  as  practicable,  and  should  continue  for  three  months.  The  gen- 
eral course  of  instruction  is  indicated  on  the  inclosed  schedule.  The  course 
of  instruction  should  be  carried  on  by  the  method  which  is  known  as  "in- 
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tensive  training,"  with  suitable  intervals  for  recreation.  For  those  candi- 
dates who  are  from  civil  life,  suitable  courses  in  general  military  training 
aDd  physical  exercises  should  be  given,  in  addition  to  technical  work. 

4.  These  courses  will  be  used  as  general  guides  in  the  instruction  of 
candidates,  but  these  men  may  be  grcduated  from  any  course  at  any  time 
that  they  may  demonstrate  their  ability  to  perform  the  duties  of  their  grade. 

5.  In  connection  with  information  that  should  be  dissiminated  as  in- 
dicated herein,  there  is  inclosed  herewith  a  pamphlet  compiled  at  the  Coast 
Artillery  School,  giving  information  pertaining  to  appointments,  promotions, 
duties,  and  rates  of  pay  of  non-commissioned  staff  ofTicers,  Coast  Artillery 
Corps. 

E.  M.  Weaver. 

On  copy  of 

2599872  Istlnd. 

War  Dept.,  A.G.O.,  June  29,  1917— To  the  Commanding  General.  Eastern 

Department. 

1.     The  Chief  of  Coast  Artillery  has  been  authorized  to  issue,  for  the 

period  of  the  emergency,  limited  warrants  in  the  grades  of  non-commissioned 

stalT  officers  named  in  the  first  sentence  of  paragraph  310,  Army  Regnta- 

tions.  Enlisted  men  to  whom  such  limited  warrants  are  issued  will  be  in- 
ly holding  permanent  warrants  in  such  grades, 
to  accept  commissions  in  the  OfTicers'  Reserve 
the  temporary  forces  organized  under  the  Act 
r  temporary  commissions  in  the  Regular  Army, 
illery  Corps,  a  corresponding  number  of  limited 
le  men  whose  warrants  are  revoked  being  placed 
atea  to  whom  permanent  warrants  may  be  issued 

ty. 

IS  of  the  Chief  of  Coast  Artillery  in  his  letter 
lich  is  inclosed  herewith,  are  approved,  with  the 
nts  will  be  issued  instead  of  temporary  warrants, 
to  herein  are  the  non-commissioned  stalT  officers 
of  paragraph  310.  Army  Regulations.  You  will 
essary  to  give  eHect  to  the  policy  recommended 
ery  and  approved  by  the  Secretary  of  War. 
By  order  of  the  SErnET.'Hv  of  W*n 

(Sgd.)  EDWARD  T.  DONELLY 
Adjutant  General. 
(Copy  of  2606974.  with  2  incls.  acpg.) 
3  Incls. 

352.16  C.  A.  C.  School. 

HDQRS.  EASTERN  DEPT.,  July  9,  1917.  To  Commandant.  Coast 
Artillery  School  Ft.  Monroe,  Va.,  (thru  Comdg.  General,  Middle  Atlantic 
Coast  Artillery  Dist.)  for  his  information.  The  dissemination  of  the  infor- 
mation herein  directed  b  being  accomplished  by  these  headquarters.  Early 
return  of  these  papers  is  requested. 

BY  command  of  Major  General  Bell: 
A.  B.  GARDNER, 
Adjutant  General 
AdjutanL 
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Schools  were  started  in  accordance  with  the  above  order 
but  due  to  the  school  at  Fort  Monroe  having  the  regular 
classes  on  hand  it  was  necessary  to  graduate  them  first  in 
order  to  make  room  for  the  new  classes.  A  campaign  by  means 
of  circulars  and  bulletins  was  at  once  started  not  only  among 
all  the  colleges  and  technical  schools  where  much  excellent 
material  for  the  department  was  to  be  found  but  also  through 
many  daily  papers  throughout  the  country  at  large  so  that  in 
a  very  short  time  the  department  was  receiving  large  numbers 
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to  report.  Due  to  the  great  need  for  trained  soldiers  in  all 
branches  of  the  service  after  the  first  emergency  courses 
practically  all  students  were  men  who  had  come  into  the 
service  for  the  emergency. 

The  first  emergency  classes  graduated  the  following  num- 
bers of  men  on  November  13,  1917. 

Artillery 31 

Clerical .52 

Electrical 74 

About  the  last  of  September  the  four  other  schools  desig- 
nated in  the  above  letter  graduated  classes  of  enlisted  specialists 
and  these  men  were  given  their  warrants  on  a  list  mixed  among 
the  graduates  of  the  first  emergency  classes  from  this  depart- 
ment. However,  it  had  been  found  out  that  due  to  the  lack 
of  proper  non-commissioned  stafT  ofTicers  for  instructors  in 
these  other  schools  and  due  to  the  lack  of  books  and  apparatus 


that  a  better  plan  would  be  to  use  these  four  schools  as  pre- 
paratory schools  and  when  the  men  in  these  schools  had  reached 
the  proper  degree  of  proficiency  to  send  them  to  this  depart- 
ment for  the  fmal  training.  During  the  following  year  these 
schools  acted  as  preparatory  schools  and  sent  much  of  the 
best  material  to  our  courses.  About  September  1918  the 
school  in  the  Panama  Coast  Artillery  District  was  closed,  and 
the  school  in  the  Coast  Defenses  of  Oahu  was  combined  with 
the  one  in  the  Coast  Defenses  of  San  Francisco,  while  this  last 
named  school  was  expanded  largely  in  order  that  it  might 
furnish  a  large  neucleus  for  the  classes  in  this  department  in 
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its  largest  program.  The  work  of  all  the  preparatory  schools 
was  excellent  throughout  the  emergency  and  special  credit  is 
due  to  the  one  in  the  Coast  Defenses  of  San  Francisco. 

The  second  emergency  courses  graduated  the  following 
numbers  of  men  about  February  27,  1918. 

Artillery 36 

Clerical 58 

Electrical 100 

Radio 32 

The  third  emergency  courses  graduated  the  following 
numbers  of  men  about  June  17,  1918. 

Artillery 46 

Clerical . 79 

Electrical 107 

Radio 58 

On  July  10,  1918,  the  Electrical  course  graduated  ninteeen 
men  and  on  July  17,  1918,  the  Artillery  course  graduated 
twenty-one  men.  This  was  due  to  the  great  demand  for 
enlisted  specialists  at  this  time  to  complete  the  new  regiments 
which  were  forming  and  the  department  was  able  to  graduate 
these  men  earlier  than  usual  by  enlarging  the  classes  and 
making  the  maximum  use  of  all  material. 

One  of  the  biggest  problems  that  the  department  faced 
was  to  meet  the  constantly  increasing  demand  for  graduate 
specialists.  This  was  met  by  constant  expansion  of  all  courses, 
making  every  effort  to  get  new  books  and  apparatus  as  it  was 
needed,  and  getting  all  the  use  that  we  could  out  of  the  material 
on  hand  until  the  new  supplies  were  received.  To  help  meet 
this  demand  classes  were  soon  introduced  on  a  three  weeks' 
basis.  New  classes  entered  the  courses  every  three  weeks 
and  pursued  the  regular  twelve  weeks  course  so  that  we 
practically  had  a  constant  output  of  graduates.  This  enabled 
all  books  and  apparatus  to  be  used  by  at  least  two  and  as 
high  as  four  different  men  during  the  twelve  weeks.  It  was 
sometimes  difficult  to  fix  responsibility  for  broken  or  lost 
property  when  two  men  were  using  the  same  drawing  instru- 
ments, typewriters,  ammeters  and  voltmeters,  •  but  as  the 
students  going  through  the  courses  were  given  a  thorough 
understanding  of  their  responsibility  for  property  this  prob- 
lem soon  solved  itself.  It  might  be  thought  that  due  to  the 
large  number  of  all  types  of  men  going  through  the'  courses 
that  the  material  would  not  last  long  but  this  was  not  true  as 
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the  men  pursuing  the  courses  were  doing  their  very  best  in 
all  respects  and  in  only  very  few  cases  was  property  lost  or 
destroyed  through  carelessness. 

The  following  tables  showing  the  numbers  of  men  grad- 
uated from  this  department  during  the  emergency  are  our 
record  and  speak  for  themselves: 


Report  of  Graduates 

of 

Department  of  Enlisted  Specialists 

All  Classes — Regular  and  Emergency 


Date  of 

Number 

Grade  to 

Class             Graduation 

Graduated 

which  Aptd 

Warrant 

Radio               June  15,  1917 

14  * 

Radio  Sgt. 

Reg. 

Sept.  17.  1917 

13 

(t 

Reg. 

Nov.  13.  1917 

20 

«« 

Reg. 

Dec.  18.  1917 

2 

(( 

Reg. 

Feb.  27.  1918 

32 

«t 

Temp. 

June  17,  1918 

56 

<t 

Temp. 

July  29.  1918 

2 

t< 

Temp. 

Sept.  10,  1918 

115 

(* 

Temp. 

Oct.  16.  1918 

5 

4« 

Temp. 

Oct.  29,  1918 

39 

«( 

Temp. 

ArtUlery           Aug.  3,  1917 

13 

Mr.  Gun. 

Reg. 

Aug.  3. 1917 

1 

;  ** 

Temp. 

Nov.  13.  1917 

31 

t« 

Temp. 

Feb.  27,  1918 

35 

«« 

Temp. 

April  6,  1918 

1 

«4 

Temp 

June  18.  1918 

46 

f  • 

Temp. 

July  17.  1918 

21 

(4 

Temp. 

Aug.  13.  1918 

21 

*< 

Temp. 

Sept.  4.  1918 

24 

44 

Temp. 

Sept.  10.  1918 

21 

4. 

Temp. 

Oct.  12.  1918 

13 

.  t 

Temp. 

Oct.  24,  1918 

10 

44 

Temp. 

Nov.  2,  1918 

21 

44 

Temp. 

♦Nov.  23.  1918 

15 

*Not  appointed. 

Electrical         Aug.  3.  1917 

42 

Elec.  Sgt.  2cl 

Reg. 

Aug.  3.  1917 

17 

44 

Temp. 

Nov.  13.  1917 

68 

44 

Temp. 

Dec.  10,  1917 

6 

44 

Temp. 

Feb.  27.  1918 

84 

»t 

1  eiiip. 

Mar.  30.  1918 

16 

.  • 

Temp. 

June  17.  1918 

107 

i. 

Temp. 

July  10.  1918 

19 

.. 

Temp. 

Aug.  1,  1918 

7 

(( 

Temp. 
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Date  of 

Number 

Grade  to 

Class 

Graduation 

Graduates 

which  Aptd. 

Wairant 

Electrical 

Sept.  U,  1918 

93 

" 

Temp. 

(con't) 

Oct.  15.  1918 

30 

" 

Temp. 

Oct.  28.  1918 

25 

■' 

Temp. 

•Nov.  6.  1918 

18 

•Not  appointed. 

Clerical 

Aug.  3.  1917 

21 

Sgt-Major  Jr.Or. 

Reg. 

Aug.  3,  1917 

4 

■' 

Temp. 

Nov.  13,  1917 

52 

" 

Temp. 

Feb.  27.  1918 

58 

" 

Temp. 

June  20.  1918 

79 

Temp. 

Sept.  11.  1918 

105 

Temp. 

Oct.  5.  1918 

28 

Temp. 

Oct.  26.  1918 

60 

Temp. 

•Nov.  16.  1918 

53 

'Not  appointed. 
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Motor  Transportation  Course 


Relieved  or 

Organization 

Graduates 

Failed 

Transferred 

45th  Art. 

59 

26 

46th  Art. 

86 

47th  Art. 

185 

51 

11 

48th  Art. 

207 

40 

49th  Art. 

194 

47 

50th  Art. 

181 

55 

2 

58th  Art. 

54 

6 

61  St  Art. 

245 

47 

168 

62dArt. 

17 

63d  Art. 

46 

4 

64th  Art. 

60 

2 

69 

66th  Art. 

102 

15 

84 

74th  Art. 

14 

76th  Art. 

2 

4th  A.  A. 

60 

11 

4th  T.  M. 

37 

3 

•17th  C.B. 

131 

7 

1 

MisceU. 

or  C.  D. 

1077 

239 

34 

Total 

2658 

553 

469 

•Candidates  for  Training  Camp. 


No.  of  grad.  during 
war 
Regular 
Temporary 

ArtU- 

lery 

13 

260 

Cleri- 
cal 
21 

439 

Electri- 

cal 

42 

490 

•    Motor 
Tr. 

2658 

Radio 

49 
249 

Grand 
Total 

Total  grad.  during  war 
Total  grad.  previous 
to  war 

273 
129 

460 
35 

532 
389 

2658 
Final  total 

298 
190 

4221 

743 

4964 

The  largest  difficulty  met  by  this  department  during  the 
emergency  was  the  housing  and  messing  of  the  great  number 
of  candidates  who  came  to  Fort  Monroe  for  the  various  courses 
and  the  greatest  compliment  that  can  be  paid  to  the  highly 
efficient  manner  in  which  this  task  was  handled  is  to  say  that 
no  matter  how  large  the  number  of  men  they  were  always 
well  cared  for  without  interfering  in  any  case  with  their  mental 
training.  The  same  officers  who  handled  the  above  situation 
used  every  effort  to  drill  the  men  between  school  hours.  They 
turned  them  out  well  disciplined  soldiers  which  is  just  as 
essential  in  the  making  of  a  good  non-commissioned  staff 
officer  as  the  mental  training. 
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In  June,  1918,  the  first  lot  of  new  buildings  for  the  de- 
partment were  ready  for  use.  The  Artillery  course  took 
over  the  entire  building  formerly  occupied  by  both  the  Artil- 
lery and  Clerical  courses  and  the  Clerical  course  moved  into 
one  of  the  new  buildings.  The  Radio  course  was  centered  in 
a  new  building  and  the  Electrical  course  was  given  a  new 
building  entirely  devoted  to  Fire  Control.  The  Motor  Trans- 
portation buildings  were  completed  about  this  date  and  the 
whole  department  with  the  exception  of  the  Artillery  course 
was  grouped  closely  around  the  original  school  building. 


When  the  armistice  was  signed  the  department  was  in 
the  midst  of  its  largest  expansion.  Thirteen  buildings  were 
being  built  on  the  new  fill  between  the  Chesapeake  &  Ohio 
tracks  and  the  Newport  News  and  Hampton  Street  Railway 
line.  These  buildings  would  have  allowed  the  department  to 
graduate  approximately  the  following  number  of  men  every 
three  weeks: 

Artillery _..    ___    _.    __    ___50 

Clerical...      _    _    80 

Electrical 80 

Motor  Transportation  (each  week) 190 

Radio 100 
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Only  seven  buildings  were  completed  when  the  armistice 
was  signed  but  these  and  the  material  procured  for  the  larger 
classes  equiped  the  Department  of  Enlisted  Specialists  to  do 
its  share  in  building  up  the  Coast  Artillery  for  the  new  Army 
no  matter  what  the  size  or  tasks  assigned  that  Corps. 

The  largest  expansion  in  this  department  was  the  Motor 
Transportation  course  added  in  order  to  meet  the  demands  of 
the  Coast  Artillery  Corps  for  men  qualified  to  handle  its 
motors  and  tractors.  On  the  twentieth  day  of  February,  1918, 
nine  officers  were  ordered  to  report  to  the  Coast  Artillery  School 
to  pursue  the  Motor  Transportation  Course.  At  that  time 
this  course  existed  only  on  their  orders.  A  few  trucks  and 
passenger  cars  were  hastily  assembled,  and  with  the  assistance 
of  electrician  sergeants,  the  instruction  began. 


A  definite  procedure  was  outlined  on  March  the  fifteenth, 
although  there  was  almost  an  entire  lack  of  equipment  and  a 
very  small  instruction  force.  On  April  the  first,  without  any 
buildings  in  which  to  teach,  and  very  few  men  capable  to  act 
as  instructors,  the  first  class  of  this  department  was  admitted. 
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This  class  numbered  two  hundred  and  eighty-nine  men.  They 
pursued  the  course  with  no  small  amount  of  diligence  for  the 
dirth  of  men  to  handle  our  motorized  apparatus  was  keenly 
felt  at  that  time.  These  men  graduated  on  the  twenty-ninth 
of  April. 

The  manner  in  which  these  men  were  handled  may  prove 
to  be  a  matter  of  interest  to  those  who  have  observed  their 
splendid  work  as  instructors  and  convoy  men.  Their  lecture- 
hall  was  the  Y.  M.  C.  A.  building  which  was  utilized  at  times 
convenient  to  that  organization.  Their  laboratories  for  the 
study  of  the  apparatus  at  close  range  consisted  of  a  large  tent 
erected  in  the  rear  of  the  power  plant,  under  which  was  crowded 
a  few  pieces  of  the  types  they  were  to  handle.  Their  examina- 
tions were  given  in  their  mess  halls,  the  only  buildings  avail- 
able with  sufficient  capacity. 

On  May  the  sixth  the  present  lecture-hall  was  completed, 
and  on  that  day  a  class  of  two  hundred  and  fifty  men  were 
admitted.  Every  second  week  thereafter  a  class  of  two  hun- 
dred and  fifty  men  were  admitted,  giving  a  flat  increase  of 
100%  for  the  second  class.  Shortly  after  we  increased  our 
monthly  output  from  five  hundred  men  to  six  hundred  and 
four  men.  This  was  wholly  in  accordance  with  the  policy  of 
the  department  to  handle  every  possible  man  we  could  take 
in.  About  the  middle  of  November  the  work  shifted  from  a 
two  week  interval  to  a  one  week  interval.  This  gave  us  more 
flexibility  and  enabled  us  to  increase  our  monthly  output  to 
eight  hundred  and  sixteen. 

The  only  prerequisite  for  a  man  entering  the  Motor  Trans- 
portation course  was  a  grammar  school  education.  Exper- 
ience was  desired  but  not  necessary.  The  men  on  entering 
were  separated  into  three  sections;  the  men  with  the  most 
experience  in  the  first,  the  men  with  a  little  experience  in  the 
second,  and  the  men  with  no  experience  in  the  third.  It  was 
a  matter  of  gratification  for  us  to  compare  the  final  standing 
of  these  sections.  They  are  consistently  even  and  often  the 
men  with  the  least  experience  are  a  few  points  in  the  lead. 

The  course  itself  had  two  general  divisions,  each  part 
covering  two  weeks.  The  first  two  weeks  consisted  of  academic 
work  in  the  lecture-hall  and  the  laboratories.  In  the  lecture- 
hall  the  topic  of  the  lecture  was  covered  in  the  simplest,  most 
concise  manner,  every  effort  being  made  to  bring  the  more 
difficult  points  down  to  the  plane  of  the  student's  compre- 
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hension.  The  lectures  were  invariably  accompanied  by  black- 
board illustrations  or  lantern  slide  projections  pertaining  to 
the  subject  under  discussion.  A  motion-picture  machine  was 
installed  in  the  Assembly  hall  of  the  Department  of  Enlisted 
Specialists.  This  hall  was  of  ample  size  to  accommodate  the 
largest  sections  and  proved  an  ideal  place  for  carrying  on  the 
instruction  with  the  aid  of  motion  pictures  and  carefully 
selected  lantern  sUdes.  In  cases  where  it  was  compatible, 
parts  of  the  mechanism  or  other  devices  under  discussion  were 
used  for  purposes  of  illustration.  In  a  general  way  every 
attempt  was  made  to  present  the  topic  in  such  manner  as  would 
enable  the  student  to  visualize  as  nearly  as  possible  the  sub- 
ject taught.  It  was  thus  possible  to  more  clearly  present  the 
subject  under  discussion  and  to  increase  the  student's  reten- 
tive powers,  in  addition  to  increasing  his  interest  and  making 
the  subject  taught  more  attractive.  At  the  completion  of 
the  lecture  the  students  were  given  an  opportunity  to  ask 
questions  that  may  have  occurred  to  them.  A  period  in  the 
laboratories  followed  the  lecture  and  during  this  period  the 
students  had  the  lecture  driven  home  to  them  by  actually 
touching  and  seeing  the  apparatus.  The  instructors  in  the 
laboratories  were  expert  men  on  the  parts  they  instructed 
upon.  At  the  end  of  the  first  two  weeks  the  students  were 
grounded  in  the  fundamentals  of  construction  and  operation 
of  the  motorized  apparatus  used  in  the  service,  and  were  ready 
for  the  practical  work  on  the  road. 

During  the  second  two  weeks  the  men  were  taught  to 
handle  tractors,  trucks,  passenger  cars,  and  motorcycles. 
This  instruction  was  intensified  and  the  similarity  of  control 
of  all  these  pieces  enabled  the  student  to  gain  sufficient  exper- 
ience to  give  him  the  necessary  confidence  to  drive  and  intelli- 
gently care  for  any  apparatus  to  which  he  might  be  assigned. 
The  work  in  this  division  included  a  number  of  night  runs. 
The  purpose  of  these  runs  was  to  familiarize  the  student  with 
the  difficulties  of  night  driving  and  make  him  able  to  cope 
with  night  conditions.  As  these  runs  were  made  without 
any  lights  whatever  they  tended  to  increase  his  alterness  and 
teach  him  the  necessity  of  being  able  to  drive  mechanically, 
keeping  his  attention  on  the  road  ahead  at  all  times. 

When  the  armistice  was  signed  this  course  was  just  com- 
pleting a  textbook  on  Motor  Transportation  for  Heavy 
(Coast)  Artillery  which  has  since  been  printed.     This  book 
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in  all  respects  would  have  met  the  big  need  for  such  an  article 
throughout  the  emergency  and  now  that  the  intensive  training 
is  over  it  will  probably  be  in  great  demand  whereever  any 
courses  on  Motor  Transportation  are  conducted. 

A  summary  of  the  General  Regulations  in  effect  in  this 
department  during  the  emergency  is  as  follows : 

1.  The  hours  observed  by  all  men  on  duty  in  the  Enlisted 
Specialists  Department  are  as  follows:  Daily  except  Saturday 
afternoon,  Sundays,  and  holidays. 

8:00  A.M.  to  11:45  A.M. 
1. -00  P.M.  to    4:30  P.M. 

All  students  except  those  in  the  searchlight  section  of  the 
Electrical  class  are  required  to  be  present  in  the  classrooms 
or  study-rooms  from  7:00  P.M.  to  9KX)  P.M.  daily  except 
Saturdays,  Sundays,  and  holidays.  For  the  searchlight 
section  of  the  Electrical  class,  night  practical  operation  periods 
are  provided. 

2.  The  necessary  uniform  clothing  and  other  equipment 
will  be  furnished  to  the  students  as  soon  as  practicable  after 
they  report  for  duty  and  thereafter  all  men  will  be  required 
to  wear  the  prescribed  uniform  as  laid  down  in  the  School 
Standing  Orders. 

3.  Students  will  make  themselves  familiar  with  the 
Standing  Orders  and  Regulations  when  they  are  admitted 
and  their  actions  will  conform  to  these  ordei*s  as  befitting  a 
good  soldier. 

4.  An  inspection  was  held  each  Saturday  at  10:30  A.M., 
at  which  time  the  general  appearance  of  the  men  with  respect 
to  cleanliness  and  neatness  of  person  and  uniform  was  carefully 
scrutinized.  The  condition  of  the  classrooms,  laboratories, 
etc.,  and  the  equipment  pertaining  thereto  was  also  inspected 
at  this  time.  It  was,  of  course,  necessary  that  all  men  meet 
the  required  standards  at  these  weekly  inspections. 

A  general  outline  of  the  courses  of  study  pursued  by  the 
emergency  classes  follows: 

OUTLINE  OF  COURSES 

Master  Gunner 
(Artillery  Course) 

1.  Duties:  While  in  this  country  the  master  gunner  was 
assigned  to  the  artillery  engineer  at  the  various  coast  defenses. 
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His  duties  there  consisted  of  computation  of  firing  data  for 
seacoast  guns;  triangulation  work;  map  making;  making 
working  drawings  of  broken  ordnance  parts,  etc.  Overseas 
there  were  four  master  gunners  assigned  to  each  regiment  of 
heavy  artillery.  Their  work  consisted  of  assisting  the  orienta- 
tion oflicer  in  making  field  surveys,  precisely  locating  the 
positions  of  heavy  batteries  and  their  observing  stations,  find- 
ing exact  ranges  to  assigned  targets,  making  woi;king  drawings 
of  broken  parts  which  must  be  replaced  by  repair  shops  in 
the  rear;  panoramic  sketching,  laying  out  spurs  and  sidings 
for  railroad  batteries. 


2.  Requisites:  The  applicant  had  to  have  a  thorough 
grounding  in  mathematics,  including  some  trigonometry. 
Six  months  of  mechanical  drawing  or  the  equivalent  of  prac- 
tical drafting.  Surveying  was  not  essential,  but  was  of  value 
to  the  student,  and  applicants  were  required  to  state  in  their 
applications  knowledge  and  experience  in  this  line. 

3.  Instruction:  A  thorough  review  of  mathematics  through 
trigonometry;  surveying,  including  making  of  topographical 
maps;  drawing,  including  working  drawings,  topographical 
drawing,  panoramic  sketching;  photography,  precise  triangu- 
lation; and  ballistics  and  gunnery. 

4.  Remarks:  (a)  The  weapon  of  the  master  gunner  is  the 
Colt  .45  pistol.     He  was  instructed  in  its  use  and  was  given 
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an  opportunity  of  using  it  on  the  range. 

(b)  Practically  all  graduates  of  this  course  were  mentally 
fitted  for  the  Candidates'  Course. 

(c)  Civil  engineers  by  profession  found  this  grade  an  oppor- 
tunity to  follow  their  profession  during  the  war. 

Hours  per  week. 


Subjects 


Algebra 

Plane  Geometry 

Solid  Geometry 

Slide  Rule  and  Log- 
arithms   

Plane  Trigonometry  . . 

Camera  at  Target 
Practice 

Surveying 

Drawing 

Ballistics  and  Gunnery 

Seacoast  Engineering 

Field  Survey 
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Text  Books 


Algebra:     Wentworth. 
Plane  Geometry:    Wentworth. 
Solid  Geometry:    Wentworth. 
Slide  Rule  and  Logarithms:    Went- 
worth. 
Camera  at  Target  Practice:  Steger. 


Surveying:    Tracy. 

Drawing:    French 

Ballistics  and  Gunnery:  Gunnery  for 

Heavy  Ariilleryy  Wildrick. 
Seacoast  Engineering:    Artillery 

Notes  No.  11. 


Sergeant-Major 
(Clerical  Course) 

1.  Duties:  At  home  the  sergeant-major  is  secretary  to 
the  commanding  officer  of  the  Coast  Defense  and  works  directly 
under  the  adjutant.  He  is  in  charge  of  all  the  "paper  work" 
of  his  organization.  In  France,  eight  are  assigned  to  every 
regiment  of  heavy  artillery,  two  are  senior  grade  and  six  are 
junior  grade.  They  are  assigned  to  regimental  and  battalion 
headquarters  and  handle  all  paper  work  that  goes  through 
those  headquarters. 

2.  Requisites:  Stenographers  with  office  experience:  ty- 
pists, secretaries  of  business  houses  and  men  of  office  experience. 
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are  eligible.     Stenography  is  not  essential,  but  of  value.     Cleri- 
cal experience  is  essential. 

3.  Instruction:  Spelling,  typewriting.  Army  paper  work 
and  official  communications,  Army  Regulations,  Manual  of 
CourtS'MartiaU  blank  forms  and  service  filing  systems. 

4.  Remarks:  (a)  Students  are  graduated  as  sergeant-major, 
junior  grade,  and  promotion  to  the  grade  of  sergeant-major, 
senior  grade,  is  by  selection,  the  best  men  going  up  as  vacancies 
occur. 

(b)  The  sergeant-major  is  armed  with  the  Colt  .45  caliber 
pistol. 

(c)  A  sergeant-major  must  be  neat  and  soldierly  and  set 
an  example  to  the  other  non-commissioned  officers  of  his 
organization. 

(d)  A  sergeant-major  is  the  senior  non-commissioned  staff 
man  and  as  such  is  first  sergeant  of  the  non-commissioned  staff. 

Hours  per  week. 


Subjects 


Spelling 

Stenography 

Manual  of  the  Saber. 

T3T)ewriting 

Official  Communica- 
tions 

Filing 

Official  Papers 

^Manual  Interior 
Guard  Duty 

•Infantry  Drill  Reg- 
ulations   

Manual  Courts -Mar- 
tial  

Coast  Artillery  Drill 
Regulations 

Coast  Artillery  In- 
struction Orders . . . 

Field  Service  Regu- 
lations   

Compilation  of  Orders 

Total  hours. . . 
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Text  Books 


Spelling:   Words,  Gregg  Publishing 
Co. 

Stenography:  Elementary  Class, 
Manual  of  Gregg  Shorthand.  Ad- 
vanced Class,  all  systems  of 
shorthand. 

Manual  of  the  Saber:  Manual  of  In- 
terior Guard  Duty. 

Typ writing:  Rational  Typewriting ^ 
Gregg  Publishing  Co. 


Official  Compiunications  and  Official 

Papers:  Army  Paperwork,  Moss. 
Filing:  War  Department  Correspond- 
ence File. 
Manuals  of   Infantry   Drill,  Courts- 
Martial,  and  Field  Service  Regula- 
tions, Coast  Artillery  Drill  Regula- 
tions,   General    Orders,    Circulars, 
Bulletins  of  War  Department,  etc. 


Electrician  Sergeant 
(Electrical  Course) 

1.  Duties:  Electrician  sergeants  are  charged  with  the  care, 
operation  and  repair  of  electrical  installations  of  Coast  Artillery 
Posts.  In  France,  the  work  in  the  main  will  consist  of  installing 
and  maintaining  electrical  communication  systems  of  the 
regiments  to  which  they  are  assigned  and  such  other  electrical 
work  as  may  be  required  within  those  regiments. 

2.  Requisites:  Familiarity  with  electricity  and  electrical 
apparatus,  either  through  laboratory  or  practical  experience; 
a  knowledge  of  mathematics  to  include  elementary  algebra 
in  order  to  calculate  simple  electrical  problems.  He  should 
be  able  to  solve  easily  problems  with  one  unknown  quantity. 
The  first  three  weeks  of  the  course  are  a  rapid  review.  It  is 
therefore  necessary  that  the  applicant  know  something  of 
the  elementary  theory  of  direct  currents  before  coming  to  the 
school ;  otherwise  he  will  not  be  able  to  keep  up. 

3.  Instruction:  Motors  and  generators;  laboratory  prac- 
tice, D.C.  and  A.C.  apparatus;  fire  control  apparatus;  storage 
batteries;  cable  tests  and  repairs;  internal  combustion  engines; 
searchlights;  machine  shop  practice;  steam  engines  and  boilers; 
wiring. 

4.  Remarks:  Students  are  graduated  as  electrician  sergeants, 
second  class,  and  may  be  promoted  by  seniority  to  the  grade 
of  electrician  sergeant,  first  class,  assistant  engineer,  engineer, 
and  by  selection  to  the  grade  of  master  electrician. 


period: 


Elementary  Electricity 
First  three  weeks. 


Subjects  Covered:  Magnetism;  Ohm's  law; divided  circuits; 
measurement  of  resistance;  power;  dynamos  and  motors; 
ammeters,  voltmeters  and  wattmeters;  transformers;  altema- 
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tors;  capacity;  inductance;  elementary  A.  C. 

Text  Books:  Elements  of  Electricity,  by  Timbie ;  advertising 
matter  by  various  manufacturing  companies. 

Fire  Control  and  Fault  Location 

period:    Fourth  to  sixth  week,  inclusive. 

Subjects  Covered:  Sound;  telephone  transmitters;  receivers; 
induction  coils;  batteries;  magnetos;  polarized  bells;  local 
battery  telephones;  extension  bells;  condensers;  retardation 
coils;  common  battery  telephones;  protective  devices;  repeat- 
ing coils;  storage  batteries;  central  energy  boards;  special 
telephone  apparatus  as  used  in  Coast  Artillery;  monocord 
boards  and  field  telephones  as  used  on  the  Western  front; 
wheatstone  bridges;  slide  wire  bridges;  bridgemegger;  fault 
finder;  dial  decade  sets;  ohmmeters.  Fault  location,  capacity 
and  insulation  tests  of  cables  with  reflecting  galvanometer. 

Text  Books:  Principles  of  the  Telephone,  by  Jansky;  Signal 
Corps  Manual  No.  8;  Signal  Corps  Engineering  Pamphlet 
No.  3;  advertising  matter. 

Internal  Combustion  Engines  and  Searchlights 

PERIOD :    Seventh  to  ninth  week,  inclusive. 

Subjects  Covered:  Elementary  mechanics;  machine  ele- 
ments; heat  engines;  fuels;  four  and  two  stroke  cycle  gas 
engines;  cooling;  governing;  ignition  systems;  carburetors; 
lubrication;  testing;  carbons  and  arc  characteristics;  lamp 
mechanism;  controllers;  mirrors;  G.E.  searchlight;  Sperry 
searchlight. 

Text  Books:  Gas  Engines  and  Gas  Power,  by  Hirshfeld 
and  Ulbricht;  instruction  books  on  25  K.  W.  set;  cagalogs  of 
various  manufacturers.  Mimeographed  reading  matter;  in- 
struction books  on  the  G.  E.  and  Sperry  searchlights. 

Cable  Splicing . 

PERIOD :    Tenth  week. 

Subjects  Covered:  Splicing  various  kinds  of  wire  and  cable — 
both  power  and  telephone;  lead  joints;  soldering. 

Text  Books:  N.  E.  Code;  S.  C.  Manual  No.  8;  Joint  Wip- 
ing and  Lead  Work,  By  W.  Hutton. 

period:    Eleventh  week. 

Subjects  Covered:  Bench  and  vise  work;  babbitting  and 
floor  work;  piping;  conduit  work;  lay-out;  erecting;  fastenings; 
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blacksmithing  and  pipe  bending;  maintenaDce;  machine  |too) 
operation. 

Machine  Shop  Practice 

Text  Books:  I.  L.  T.,  Vols.  IB  and  2B;  machinery  cata- 
logues; American  Machinists'  Handbook;  Textbook  of  Advanced 
Machine  Work,  by  R.  H.  Smith. 

Steam 
period:    Twelfth  week. 

Subjects  Covered:  Boilers  and  accessories ;  fuel ;  combustion ; 
firing;  chimneys  and  draft;  engines  and  accessories;  lubricants; 
lubrication;  tests. 

Text  Books:  Steam  Boilers,  by  Shealy;  Steam  Power, 
by  Hirshfeld  and  Ulbricht;  Sleam,  by  B.  and  W.  Co.;  Helios, 
by  Heine  Safety  Boiler  Company. 


Radio  Sergeant 
(Radio  Course) 
1.  Duties:    The  radio  sergeant  handles  the  radio  apparatus 
of  the  Heavy  Artillery,  which  forms  the  liaison  between    air- 
craft and  artillery,  and  communication  with  other  units  at  a 
distance. 
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2.  Requisites:  The  applicant  should  be  proficient  in 
mathematics  to  Include  elementary  algebra  and  should  be 
able  to  send  and  receive  at  least  ten  words  per  minute  in  the 
Continental  Code.  Should  have  three  years*  high  school 
education  or  equivalent. 

3.  Instruction:  Buzzer  operating;  keywork  on  code;  the 
electrical  circuit  and  electrical  units;  storage  batteries,  radio 
apparatus;  radio  sets;  radio  laws;  other  forms  of  signalling  and 
practical  field  work. 

Hours  per  week. 


1.  Military  Subjects  include:  Military  lectures;  medical 
lectures;  infantry  drill;  gas  drill;  calisthenics;  mess;  (Recrea- 
tion). 

2.  Buzzer  Practice  Includes:  Without  jambing;  with 
jambing;  buzzer  and  blinker  shoots;  semaphore  and  wig  wag; 
examination. 

3.  Laboratory  Work  includes:  D.  C.  electricity  and 
magnetism;  resistance;  power  measurements;  batteries;  D.  C. 
motors  and  generators;  A.  C.  electricity  and  A.  C.  machinery; 
elementary  radio  circuits;  wave  meters;  resonance  and  tuning 
transmission  sets;  receiver  sets  and  circuits;  detectors  and 
vacuum  bulbs;  continuous  wave  sets  and  radio  telephone; 
antenna,  grounds,  care  of  sets;  rules  and  regulations. 

4.  Class  Work  includes:  Study  of  text  books  and  reading 
assignments;  preparation  of  note  books  and  examination. 

5.  Field  Practice  includes:  Testing  of  storage  batteries; 
lectures;  operation  of  sets  in  field;  drill  in  setting  up  antenna 
units;  lectures  on  artillery  panels;  practice  with  artillery  panels 
and  artillery  shoots;  notes. and  diagrams. 
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Teii  Books  used:  Elements  of  Electricity,  by  Timbic; 
Elementary  Principles  of  Wireless  Telegraphy,  part  I  and  part  2, 
by  Bangay;  Radio  Telegraphy  and  Telephony,  by  Robinson; 
Radio  Telegraphy,  Signal  Corps  pamphlet. 

Reference  Books:  Wireless  Telegraphy,  by  Stanley;  Prin- 
ciples of  Wireless  Telegraphy,  by  Pierce;  Practical  Wireless 
Telegraphy,  by  Bucher;Vocuum  Tubes  in  Wireless  Communi- 
cation, by  Bucher;  Alternating  Currents  Simplified,  by  Bums; 
Practical  Uses  of  the  Wavemeter  in  Wireless  Telegraphy,  by 
Maubargne. 


CHAIIIi    LABONklOIIV 


In  order  to  co-ordinate  the  work  of  the  men  who  success- 
fully pursue  the  Radio  Course  and  the  other  departments  of  the 
Artillery  and  the  Signal  Corps,  actual  practice  is  given  under 
simulated  warfare  conditions.  This  includes  panel  signalling 
and  radio  communications  with  aeroplanes,  establishing  com- 
munications between  observation  stations  and  batteries, 
establishing  communications  between  batteries  and  battalion, 
regimental  and  brigade  headquarters,  etc. 
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Motor  Transportation  Course 

1.  Duties:  The  driving  of  trucks,  tractors,  passenger  cars, 
and  motor  cycles  for  the  Heavy  (Coast)  Artillery  regiments 
going  to  France. 

2.  Requisites:  A  grammar  school  education.  It  is  pre- 
ferred that  the  applicant  have  had  some  experience  driving 
motor  vehicles.  The  course  should  appeal  especially  to  men 
who  have  had  garage  or  road  experience  with  automobiles. 

3.  Instruction:  The  Motor  Transportation  Course  covers 
a  period  of  four  weeks.  The  first  two  weeks  include  class- 
room and  laboratory  work,  which  cover  the  theory  and 
operation  of  internal  combustion  engines,  fuels,  cooling  systems, 
lubrication,  electrical  appliances,  and  the  study  of  the  parts  of 
the  mechanism,  trouble  hunting  and  repairs.  The  last  two 
weeks  are  devoted  to  practical  work  in  the  field  under  condi- 
tions similar  to  those  found  in  France,  including  the  driving 
of  trucks,  caterpillar  tractors,  etc.;  driving  at  night  without 
lights;  convoy  signals,  road  discipline,  and  roadside  care; 
upkeep  and  adjustment  of  motor  vehicles. 

Detailed  Outline  of  Course 
first  two  weeks: 

(1)  Class  Room  Lecture  Work:  14  hours  first  week;  12 
hours  second  week. 

The  theory  and  operation  of  four  cycle  gas  engines,  cooling 
systems,  fuel  feeds,  carburetion,  governors,  elements  of  igni- 
tion as  applied  to  motor  vehicles;  ignition  as  applied  to  motor 
vehicles;  tires;  lubrication;  troubles;  power  transmission, 
clutches,  transmissions,  universals,  running  gear,  etc.  26 
hours. 

(2)  Laboratory  Work:  26  hours  first  week;  31^  hours 
second  week. 

Supplements  and  expands  on  matter  covered  in  lectures 
by  practical  demonstration  and  work  with  the  apparatus. 
57  H  hours. 

(a)  Ignition  Laboratory:  Current  electricity;  self-induc- 
tion; mutual  induction;  construction  and  wiring  of  battery 
ignition  system;  study  of  ignition  systems  in  Government 
use;  ignition  troubles.    21^  hours. 

(b)  Motor  Laboratory:    Gas  engines;  nomenclature;  taking 
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dow[<  and  assembling  of  various  gas  engines;  valve  timing; 
valve  grinding;  valve  troubles;  cooling  systems  and  troubles 
to  be  encountered;  fuel  feed  systems;  lubrication;  adjustment 
of  various  types  of  carburetors.     21 J^  hours. 

(c)  Chasis  Laboratory:  Power  transmission  and  nomen- 
clature; universal  joints;  clutch  assembly  and  adjustment; 
transmissions  of  various  types  of  apparatus;  differentials; 
brakes  and  adjustments.  Springs,  wheels,  axles,  and  steering 
devices.    15  hours. 


Ba>e    HoiFiTAL-  — Cam*  Euitii  *"* 

SECOND  TWO  weeks: 

(3)  Practical  Road  Work:  40  hours  third  week;  40  hours 
fourth  week. 

This  work  is  taken  up  after  the  student  has  received  a 
thorough  grounding  in  the  theory  of  motor  vehicles.  Care 
and  operation  of  caterpillar  tractors;  care  and  adjustment 
of  ammunition  trucks;  the  operation  of  and  convoy  practice 
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with  ammunition  trucks;  driving  of  passenger  cars  and  motor 
cycles.     80  hours. 

(a)  Care  and  Operation  of  Caterpillar  Tractors:  Nomen- 
clature; lubrication;  operation  of  caterpillar  tractors  with  and 
without  load.  Special  emphasis  is  placed  on  lubrication  and 
adjustments.    21  hours. 

(b)  Care  and  Adjustment  of  Ammunition  Trucks:  This 
work  involves  a  very  thorough  and  careful  study  of  all  essen- 
tial adjustments  and  lubrication  encountered  on  standard 
trucks.  Points  covered  are  ignition  systems;  valve  clearance 
and  valve  timing;  wheel  alignment  and  lubrication;  inspection 
of  axles,  steering  gears  and  propeller  shafts;  lubrication  and 
care  of  clutches  and  transmissions;  lubrication  and  care  of 
springs;  fuel  feed  and  carburetor  troubles;  and  care  of  cooling 
systems.    I7\i  hours. 

(c)  Convoy  Practice  With  Ammunition  Trucks:    The  stu- 

)  start,  stop,  shift  gears  and  steer  for  three 
ided  convoy  work  then  begins  and  continues 
of  the  work.  Student  is  thoroughly  grounded 
;  night  practice;  operation,  loaded  and  light, 
sde  to  duplicate  actual  field  conditions. 
de  and  Passenger  Car  Work:  Student  is 
lOurs  motor  cycle  and  3^  hours  passenger 

ning  a  thorough  inspection  of  all  apparatus 
c)  and  (d)  41 J/^  hours. 
jsed:  Automobile  Encyclopedia,  by  Dyke; 
Automobile,  by  Pagfe;  The  Gasoline  Automobile 
iot;  Questions  and  Answers,  by  Audel.  Mime- 
npiled  by  instructors  at  school;  students  are 

furnished  with  master  note  sheets  to  be  filled   out  during 

lectures  and  laboratory  work. 


THE  COAST  ARTILLERY  TRAINING  CENTER 

AND  CAMP  EUSTIS 

By  Lieutenant  Colonel  Fred  M.  Green,  C.  A. 


Prior  to  the  outbreak  of  war,  the  Commanding  Officer  of 
the  Coast  Defenses  of  Chesapeake  Bay  was  ex-officio  Com- 
mandant of  the  Coast  Artillery  School.  The  conditions  at 
this  time  were  such  that  a  single  officer  could  efficiently  super- 
vise the  activities  of  both.  With  our  entrance  into  war,  the 
situation  was;  considerably  altered:  where  there  had  been  but 
one  garrisoned  post  and  a  sub  post,  the  Coast  Defenses  were 
increased  to  four  garrisoned  forts,  two  of  which  had  yet  to 
emplace  their  armament  and  prepare  their  shelter  and  defenses. 
New  regular  companies  were  created  with  the  expansion  of 
the  army.  Recruits  swarmed  in,  were  hastily  drilled  in  civilian 
clothing,  and  were  assigned  to  units.  Newly  organized  com- 
panies of  National  Guard  arrived,  and  had  to  be  assigned  to 
armament  and  trained.  A  submarine  net  was  fabricated  and 
installed,  and  precautions  against  raids  by  submersibles  had 
to  be  taken. 

Meanwhile  the  officers'  division  of  the  Artillery  School 
as  it  had  previously  existed  was  closed,  owing  to  the  need  for 
the  services  of  the  officers  on  duty  there.  As  it  became  evident 
that  thousands  of  new  officers  must  be  trained  for  the  armies 
to  be  raised,  preparations  had  to  be  made  for  the  selection  and 
training  of  the  Coast  Artillery  quota.  Since  the  Artillery 
School  buildings  were  standing  idle,  and  since  Fort  Monroe 
possessed  a  library  and  much  equipment  adaptable  for  work 
along  these  lines,  this  post  was  naturally  selected  as  the  site 
for  the  location  of  this  new  school.  The  expansion  of  a  plant 
designed  for  classes  of  forty  men  into  one  capable  of  handling 
classes  of  three  thousand  has  already  been  described.  The 
mass  of  work  required  to  supply,  mess,  equip  and  train  these 
men  necessitated  the  organization  of  a  new  and  elaborate 
staff,  supervised  by  a  Training  Camp  Commander. 

Thus  it  is  seen  that  both  the  Coast  Defense  and  the  Train- 
ing Camp  became  independent  agencies,  working  along  new 

and  totally  different  lines,  and  each  requiring  the  entire  atten- 
ds) 
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tion  of  a  single  responsible  head.  That  two  uncoordinated 
and  independent  activities  should  exist  upon  the  same  reserva- 
tion was  evidently  undesirable.  Yet  a  third  unit  actually 
existed  in  the  Enlisted  Specialists  School,  now  operating  on  a 
war  basis.  While  administratively  it  was  under  the  Com- 
mandant of  the  School,  yet  its  work  was  distinctly  different 
from  that  of  the  Training  Camp  for  reserve  officers. 

Meanwhile,  the  French  Artillery  officers  detailed  on  duty 
with  the  Training  Camp  were  urging  the  establishment  of  a 
land  firing-range.  Owing  to  the  nonexistence  of  heavy 
mobile  artillery  in  this  country,  our  seacoast  guns  had  neces- 
sarily been  our  main  reliance  for  training  purposes,  tho  as 
nearly  as  possible  the  methods  of  the  Western  Front  were 
employed  in  the  direction  of  their  fire.  To  the  battery  com- 
mander and  to  the  few  intimately  associated  with  him  in  his 
computations,  the  simulation  was  fairly  complete,  but  to  the 
mass  of  candidates  the  illusion  was  far  from  convincing.  Con- 
fusion between  seacoast  and  mobile  methods  and  equipment 
was  heightened  by  this  expedient,  and  since  it  was  found  that 
some  heavy  mobile  guns  were  shortly  to  be  available  for 
training  purposes,  the  selection  of  a  site  for  a  land  range  was 
decided  upon. 

Obviously,  this  range  must  be  located  upon  ground  whose 
commercial  value  was  small.  The  country  around  Fort 
Monroe  was  investigated  with  a  view  to  choosing  a  site  which 
would  meet  the  many  and  somewhat  conflicting  requirements. 
This  resulted  in  the  determination  that  Mulberry  Island  in 
the  James  River  offered  a  suitable  target-ground.  Medium 
and  short  ranges  could  be  had  from  the  vicinity  of  the  present 
site  of  Camp  Eustis,  and  the  long  ranges  required  for  railway 
armament  could  be  attained  by  firing  over  the  river-course 
from  the  present  "upper  firing  point."  The  original  concep- 
tion of  Camp  Eustis  was  that  it  was  to  be  a  firing  range  only. 

In  April,  1918,  or  about  a  year  after  our  entrance  into  the 
war,  the  erection  of  cantonment  buildings  was  begun.  The 
difficulties  of  the  undertaking  can  be  realized  only  by  those 
who  have  seen  the  roads  as  they  were  in  the  early  days.  Such 
roads  and  trails  as  existed  were  rapidly  churned  into  a  sort 
of  slimy  foam  by  the  passage  of  heavy  loads  over  them,  and 
seemingly  bottomless  mudholes  were  the  rule  rather  than  the 
exception.  The  trees  felled  in  clearing  the  camp-site  were 
used  to  corduroy  the  roads.      Railroad  approaches  had  been 
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completed  about  this  time,  and  construction  material  began 
to  pour  in. 

Even  before  the  barracks  had  been  erected.  Mulberry 
Island  had  been  occupied  by  troops,  a  trench  mortar  battalion 
being  the  first  organization  to  camp  there.  Its  two  batteries 
were  camped  on  Mulberry  where  the  targets  are  now.  The 
function  of  these  batteries  was  to  furnish  Military  Police  for 


the  Constructing  Quartermaster  and  to  dig  trenches  for 
targets  subject  to  firings.  The  tale  of  their  adventures  is  a 
long  one.  The  supply  of  drinking  water  was  very  limited, 
even  for  so  small  a  unit,  and  an  attempt  to  dig  an  ice-box 
resulted  in  the  uncovering  of  human  remains,  extinct  slaves 
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and  former  inhabitants  of  the  slave  colony  at  Jail  Point,  the 
extremity  of  Mulberry  Island.  Their  ruined  huts  stand  today 
as  grim  reminders  of  the  days  of  slavery. 

Eventually,  a  sufficient  supply  of  water  was  provided  from 
artesian  wells,  the  camp  now  being  absolutely  independent  of 
any  outside  source  of  water;  and  the  shipment  of  troops  to 
Camp  Eustis  in  quantity  was  possible. 

Regimental  Headquarters  and  two  Battalions  of  the  61st 
Artillery  were  the  first  troops  to  actually  occupy  the  present 
site  of  Camp  Eustis.  They  lived  in  the  newly  constructed 
cantonments. 


Meanwhile,  it  had  been  found  that  the  original  system 
of  organizing  and  equipping  regiments  of  heavy  artillery  in 
the  Coast  Defenses  was  not  entirely  successful.  For  example, 
a  regiment  slated  for  organization  upon  the  Pacific  Coast 
might  have  batteries  from  San  Diego  to  Puget  Sound.  Sup- 
plies for  each  battery  had  to  be  shipped  to  these  several  coast 
defenses,  which  involved  considerable  delay,  and  when  they 
were  eventually  received  the  organizations  would  re-ship  them 
to  the  point  of  embarkation  or  other  place  of  assembly.  It 
was  further  apparent  that  owing  to  the  enormous  demand  for 
materiel  and  supplies,  and  the  unsatisfactory  status  of  rail 
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transportation,  the  simultaneous  isolated  efforts  of  coast  de- 
defense  supply  officers  led  only  to  increased  confusion  and  delay. 

In  view  of  this,  the  decision  was  made  that  not  only  should 
troops  be  trained  in  artillery  firing  at  Camp  Eustis,  but  also 
they  should  complete  their  organization  and  supply  at  that 
place.  Hoboken  ceased  to  be  the  port  of  embarkation  for 
heavy  artillery  troops,  and  Newport  News  became  its  more 
convenient  successor. 

Altogether,  about  20,000  men  passed  through  Camp  Eustis. 
The  37th  and  38th  Brigades,  the  4th  Anti-Aircraft  Battalion, 
13th,  14th,  15th,  and  16th  Companies  .Anti- Aircraft,  the  56th 
and  57th  Ammunition  Trains,  and  the  4th  Trench  Motor 
Battalion  were  assembled  and  trained  there.  The  amount  of 
firing  done  was  less  than  had  been  anticipated,  due  partly  to 
the  amount  of  time  required  in  supplying  the  troops  and  com- 
pleting their  organization,  and  partly  because  of  defective 
ammunition,  (the  fuzes  furnished  having  proved  defective  and 
their  replacement  proving  a  slow  matter).  Experience  with 
aerial  observation  could  be  had,  however,  through  the  adjacent 
Balloon  School  and  the  proximity  of  Langley  Field.  The 
necessary  struggles  to  get  those  systems  linked  up  probably 
proved  of  greater  ultimate  value  to  those  concerned  than 
would  have  been  the  case  had  a  smooth-running  machine 
already  been  in  existence. 

The  nature  of  the  instruction  given  at  Camp  Eustis  was 
very  varied.  Not  only  was  there  straight  artillery  firing,  with 
all  the  mechanical  maneuvers,  layout  of  battery  positions, 
orientation  work  and  computation  of  firing  data  incidental 
thereto,  but  in  addition  there  was  infantry  drill,  signalling, 
physical  drill,  small-arms  practice,  machine  gun  instruction, 
and  drill  and  instruction  in  gas  defense.  To  give  instruction 
in  all  of  these  subjects  in  the  Coast  Defenses  was  evidently 
impossible;  for  example,  few  officers  were  qualified  as  instruct- 
ors in  gas  defense,  and  even  drill  masks  were  few.  By  succes- 
sively instructing  regiments  at  Camp  Eustis,  a  great  saving 
of  time  was  made  and  infinitely  better  instruction  became 
possible.  Similarly,  the  conduct  of  small-arms  firing  in  most 
Coast  Defenses  leaves  much  to  be  desired;  there  is  usually 
but  one  range,  and  that  is  frequently  located  with  a  view  to 
safety  rather  than  accessibility  and  convenience,  but  at  Camp 
Eustis  the  range  was  conveniently  located  and  firing  could  be 
continuous. 
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lo  the  artillery  firing  work  proper,  the  battery  commaoder 
was  caused  to  execute  each  step  required  in  emptacing  and 
conducting  the  fire  of  a  battery.  Owing  to  the  wooded  nature 
of  the  firing  position,  the  orientation  work  had  to  l>e  carried 
on  with  short  sights,  just  as  was  to  be  expected  in  the  case  of  a 
battery  taking  position  in  a  wooded  sector. 

As  to  the  maneuvering  of  the  guns  along  the  road,  the 
actual  distances  to  be  covered  were  short,  but  no  one  acquainted 
with  Virginia  roads  will  hesitate  to  accept  the  statement  that 


the  character  of  this  instruction  was  "intensive"]  To  Further 
simulate  service  conditions  as  they  existed  on  the  Western 
Front,  battery  commanders  were  required  to  emplace  their 
batteries  without  being  observed  by  aeroplanes.  At  least 
three  aerial  photographs  were  taken  during  each  problem  of 
getting  a  battery  into  position.  If  any  evidence  of  the  bat- 
tery's work  was  seen,  the  entire  problem  had  to  be  gone  through 
with  again. 


124  JOURNAL   U.    S.    ARTILLERY 

Camp  Eustis  differed  in  its  nature  from  the  Coast  Artillery 
School  and  from  the  coast  defenses.  While  more  closely 
linked  to  the  former,  its  function  as  an  administrative  and 
supply  centre  gave  it  an  independent  character.  The  separa- 
tion of  the  military  departments  into  smaller  units  had  already 
proved  advantageous,  and  in  line  with  this  policy  of  decentrali- 
zation these  four  allied  units — Training  Camp,  the  Enlisted 
Specialists'  School,  the  Coast  Defenses  and  Camp  Eustis — 
together  with  the  Coast  Artillery  Board,  Library,  etc.,  were 
organized  into  a  self-contained  unit  in  August  and  September, 
1918.  This  unit  was  designated  as  the  Coast  Artillery  Train- 
ing Center,  and  consisted  of  three  commands:  Camp  Eustis, 
including  Mulberry  Island  and  the  Firing  Range;  the  Coast 
Defenses  of  Chesapeake  Bay;  and  the  Coast  Artillery  School, 
including  what  had  formerly  been  the  Training  Camp,  the 
Enlisted  Specialists'  School,  the  Coast  Artillery  Board,  Library, 
etc.  The  Coast  Artillery  Training  Center  was  organized  by 
Brigadier  General  F.  K.  Fergusson  and  commanded  by  him 
until  about  February  1,  1919,  when  he  was  relieved  by  Brigadier 
William  Chamberlaine. 

The  function  of  the  Coast  Artillery  Training  Center  has 
been  mainly  to  co-ordinate  the  various  activities  within  the 
above  units,  and  to  preserve  liaison  between  the  Office  of  the 
Chief  of  Coast  Artillery  and  the  several  units  enumerated. 
To  some  extent  it  resembles  a  Coast  Artillery  District,  and  in 
other  respects  it  exercises  the  functions  of  a  Department.  Its 
service  has  tended  to  eliminate  the  loss  of  time,  misunder- 
standing and  inconvenience  of  having  to  refer  questions  of 
lesser  importance  to  a  distant  higher  authority. 

Between  the  dates  of  June  22,  1918,  and  December  21,  1918,  the  following 
organizations  passed  through  Camp  Eustis: 

Organization  and  Departed  or         Strength 

Commander  Arrived  Demobilized  Officers  Enl.  men 

61st  Artillery,  C.A.C.  June  22/18  July  10/18         54        1757 

Wm.  F.  Stewart,  Col.  To  P.  of  E. 

4th  Trench  Mortar  Bn.  June  30/18  Sept.  25/18        32  775 

B.  S.  Beverly,  Capt.  To  P.  of  E. 

4th  Anti-Aircraft  Bn.  June  30/18  Sept.  25/18         21  535 

C.  M.  Wood,  Major  To  P.  of  E. 

50th  Artillery.  C.A.C.  July  1/18      Sept.  27/18        53        1921 

R.  T.  Ellis,  Col.  P.  of  E. 

Total  160       4988 
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Organization  and  Departed  or         Strength 

Commander  Arrived   Demobilized  Officers  Enl.men 


( 

[Carried  for'd. 

160 

4988 

49th  ArUUery,  C.A.C. 

July  1/18 

Sept.  27/18 

54 

1796 

LeVert  Coleman,  Col. 

P.  of  E. 

48th  ArUUery.  C.A.C. 

July  1/18 

Sept.  27/18 

55 

1823 

C.  B.  Smith,  Col. 

P.  of  E. 

38th  Brigade  Hq.  (48,  49,  50th  Regts) 

G.  E.  Johnson,  Capt. 

Aug.  11/18 

Sept.  27/18 

4 

50 

47th  Artillery,  CA.C. 

July  3/18 

Oct  8/18 

67 

1716 

Jos.  S.  Hardin,  Col. 

P.  of  E. 

46th  ArtiUcry.  C.A.C. 

July  1/18 

Oct.  8/18 

64 

1636 

Francis  N.  Cooke,  Col. 

P.  of  E. 

45  theArtillery,  C.A.C. 

July  3/18 

Oct.  12/18 

65 

1702 

W.  F.  Hasc,  Col. 

P.  of  E. 

37th  Brigade  Hq.  (45,  46,  47th  Regts) 

C.  H.  McNeil,  Brig.  Gen. 

Sept.  9/18 

Oct.  12/18 

4 

51 

13th  Anti-Aircraft  Bty. 

July  3/18 

Sept.  27/18 

3 

66 

J.  H.  Babbitt,  Capt. 

P.  of  E. 

14th  Anti-Aircraft  Bty. 

July  3/18 

Sept  27/18 

2 

67 

H.  F.  Gnmm,  Capt. 

P.  of  E. 

15th  Anti-Aircraft  Bty. 

July  3/18 

Sept.  17/18 

2 

67 

H.  C.  Meredith,  Capt. 

P.  of  E. 

16th  Anti-Aircraft  Bty. 

July  3/18 

Sept.  27/18 

2 

65 

D.  0.  Piper,  Capt. 

P.  of  E. 

36th  Artillery,  C.A.C. 

Oct.  4/18 

Nov.  6/18 

.56 

1932 

Jos.  P.  Tracy,  Col. 

P.  of  E. 

37th  Artillery.  C.A.C. 

Oct.  2/18 

Nov.  6/18 

45 

1819 

H.    L.     Steele,  Col. 

P.  of  E. 

38th  Artillery,  C.A.C. 

Oct.  2/18 

Nov.  6/18 

53 

1802 

James  Totten,  Col. 

P.  of  E. 

41st  Brigade  Hq.  (36.  37,  38th  Regts) 

A.  H.  Sunderland,  Brig.  Gen. 

Sept.  29/18  Nov.  6/18 

8 

52 

Total  Departed 

644 

19632 

56th  Ammunition  Tn. 

July  8/18 

Dec.  20/18 

11 

609 

K.  L.  Fleming.  Major 

Demobolized 

57th  Ammunition  Tn. 

July  8/18 

Dec.  18/18 

11 

233 

Frank  R.  McReynolds,  Maj. 

Demobilized 

15th  Anti-Aircraft  Sector, 

(formerly  8th  A-A  Bn.) 

Oct.  22/18 

Dec.  21/18 

14 

432 

E.  L.  Ford,  Major 

Demobolized 

16th  Anti-Aircraft  Sector  (consisting 

of  21.  22,  23,  24.  25th  A-A  Batteries)  Nov.  10/18  Dec.  19/18         10  447 

J.  B.  Holmes.  Major.  Demobolized 

Total  46        1721 
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Organizatioa  and 
Commander 


17th  Anti-Aircraft  Sector 

Lloyd  M.  Hanna,  Ut  Lt. 
30th  Artillery,  C.A.C. 

Wm.  N.  Porter,  Col. 
31st  Artillery,  C.A.C. 

Meade  Wiidrick,  Col. 
32nd  Artillery.  C.A.C. 

Harry  W.  Newton,  Col.,  succeeded  by 
B.  H.  Pendry,  Lt-Col. 
43rd  Brigade  Hq.  30,  31  and  32  RegtsNo 


Departed  or  Strength 

Arrived  Demobilized  OQlcers  Eul.men 
Carried  for'd 
Nov.  14/18  Dec.  23/18 

Demob  olized 
Nov  7/18      Dec.  20/18 

Demobolized 
Nov.  6/18     Dee.  20/18 

Demobolized 
Nov.  8/18     Dec.  19/18 

Demobolized 


7.  6/18 


33rd  Artillery.  C.A.C. 

Stephen  H.  Mould.  Col. 
34lh  Artillery,  C.A.C. 

E.  E.  Farnsworth,  Col. 


Dec.  21/18 

Demobolized 
Nov.  3/18     Dec.  20/18 

Demobolized 
Oct.  30/18    Dec.  21/18 

Demobolized 
Oct  19/18    Dec.  19/18 

Demobolized 


42nd  Brigade  Hq.  (27,  33,  34th  Regts)Oct.  30/18    Dec.  21/18 
Demobilized 
Total  Departed  and 
Demobolized 


1721 


1591 


1734 


1752 


50 


PROFESSIONAL   NOTES 


EXTRACTS 

from 

REPORT  OF  THE  CHIEF  OF  COAST  ARTILLERY 

TO  THE  SECRETARY  OF  WAR,  1918. 

Methods  of  Fire  Control  and  Observation  of  Fire 

The  methods  of  fire  control  used  abroad  in  the  war  zone  d(\  not  differ 
in  principle  from  those  that  have  long  been  in  use  by  the  Coast  Artillery 
Corps.  Acutal  experience  has  demonstrated  the  importance  of  all  the  cor- 
rections conmionly  applied  in  our  service.  Practically  all  modifications 
have  been  in  the  direction  of  further  refinement  and  of  securing  additional 
data  for  use  in  computing  corrections.  The  extension  of  these  methods  to  the 
control  of  Field  Artillery  fire  is  worthy  of  note.  In  a  report  of  an  officer 
of  Field  Artillery,  now  commanding  a  division,  he  states; 

"After  a  period  of  nearly  six  months'  observation  of  the  employment  of 
artillery  in  war  of  position,  I  am  more  than  ever  impressed  with  the  neces- 
sity of  the  greatest  possible  accuracy  of  fire.  Every  officer  in  the  Field 
Artillery  must  be  able  to  compute  firing  data  with  great  accuracy,  to  adjust 
fire  on  the  auxiliary  target,  to  transport  fire  accurately  and  to  abserve 
fire  with  great  skill.  I  am  therefore  of  the  opinion  that  the  firing  data  must 
include  every  element  affecting  the  flight  of  the  projectile,  including  the 
powder  lot,  the  correction  of  the  moment,  the  error  of  the  gun,  the  temperature 
of  the  powder,  and  so  fourth.  This  work  must  be  done  with  skill,  rapidity, 
and  accuracy.  It  is  seldom  possible  to  see  the  actual  target,  such  as  the 
barrage  line,  the  enemy's  trench  or  even  the  position  of  a  battery.  It  b 
therefore  necessary,  in  practically  all  cases,  to  make  an  adjustment  on  some 
point  like  a  church,  a  cross  road,  a  cemetery,  or  other  conspicuous  landmark 
which  has  been  accurately  located  on  the  map.  It  is  therefore  necessary, 
practically  always,  to  prepare  the  original  firing  data  from  the  map.  With 
reference  to  the  correction  of  the  moment,  I  am  of  the  opinion  that  it  is 
unreliable  unless  used  very  shortly  after  the  atmospheric  conditions  have  been 
obtained.  It  b  therefore  necessary,  in  practically  all  cases,  even  after  an 
accurate  adjustment  has  been  obtained,  to  fire  trial  shots  immediately 
before  the  delivery  of  any  mission.  For  example,  in  an  attack  it  is  necessary 
to  allot  as  much  as  two  hours,  with  an  allowance  of  from  five  to  ten  minutes 
for  each  battery,  to  verify  its  firing  data  before  the  hour  for  fire  for  effect 
arrives.  This  rule  must  be  followed  in  all  cases.  I  am  even  of  the  opinion 
that  it  is  better  to  fire  a  few  shots  in  the  dark  and  endeavor  to  note  the  point 
of  burst  from  the  nearest  possible  observation  point  than  to  attempt  to 
fire  for  effect  without  such  preliminary  trial  shots.  The  point  of  fall  has 
been  seen  to  vary  considerably  in  two  series  of  shots  fired  in  front  of  our 
Infantry  one-half  hour  apart." 

(127; 
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The  necessity  for  the'observation  of  fire  and  the  adjustment  and  main- 
tenance of  the  center  of  impact  upon  the  target  by  means  of  such  observation 
was  recognized  early  in  the  war.  The  development  of  means  to  accomplish 
this  came  rapidly,  and  at  present,  fire  without  observation  may  be  regarded 
as  the  exception.  In  the  war  zone  practically  all  targets  are  stationary. 
In  the  coast  defense  service  practically  all  targets  are  moving.  This  adds 
materially  to  the  difficulty  of  applying  corrections  based  upon  observation. 
However,  any  system  which  does  not  contemplate  such  corrections  may  be 
regarded  as  obsolete,  and  it  is  believed  that  the  experience  of  our  officers, 
gained  in  the  field,  together  with  their  ingeniuty  in  overcoming  difficulties 
this  nature,  will  enable  a  satisfactory  solution  of  the  problem  to  be  reached. 
The  subject  will  be  given  attention  in  all  coast  defenses,  and  the  suggestions 
which  reach  this  office  will  be  scrutinized  with  care.  The  Coast  Artillery 
Board  at  Fort  Monroe,  has  been  directed  to  study  the  subject  and  all  schemes 
which  warrant  it  will  be  given  a  practical  test  as  promptly  as  possible. 

DEVELOPMENTS  OF  THE  WAR  AS  APPLIED  TO  COAST  DEFENSE 

In  order  that  the  general  trend  of  development  in  heavy  artillery  may 
be  studied  and  apphed  properly  to  seacoast  defense,  it  is  desireable  to  state 
the  general  features  of  this  development  and  to  suggest  the  principles  which 
appear  to  underlie  their  application. 

(a)  Gun  power. — ^This  has  increased  both  in  range  and  the  caliber  of 
the  gun.  Guns  of  24-inch,  ranging  to  40  miles,  may  be  realized  while  longer 
ranges  for  special  types  are  possible  if  desired. 

(b)  Mobility. — Guns  of  the  largest  caliber  are  transported  on  their 
firing  carriages  by  rail.  The  calibers  of  tractor  drawn  materiel  have  in- 
creased materially,  and  it  is  unlikely  that  the  limits  have  yet  been  reached. 

(c)  Aeroplane  bombardment. — Although  this  is  not  a  strictly  artillery 
development  it  should  be  considered  in  connection  with  the  effects  of  artillery 
fire  inasmuch  as  the  aeroplane  may  be  regarded  as  taking  up  these  effects 
at  the  longer  ranges  and  projecting  them  far  back  into  enemy  territory. 

Seacoast  defense  may  be  considered  as  divided  into  two  parts:  First, 
harbor  defense,  which  has  for  its  object  the  protection  of  important  ports 
in  order  that  they  may  serve  as  bases  of  operation  for  the  Navy;  second, 
coast  defense  proper,  in  which  the  coast  line  is  the  frontier  and  fortified 
harbors  serve  as  supporting  points. 

The  function  of  fortifications  for  harbor  defense  is  twofold:  (a)  The 
security  of  the  port,  including  the  protection  from  bombardment  of  all  its 
utilities,  especially  those  of  vital  importance  to  the  fleet;  (b)  The  mainte- 
nance of  a  clear  area  in  front  of  the  harbor  entrance  which  will  afford  our 
own  fleet  the  opportunity  of  egress  from  the  harbor  without  coming  under 
the  fire  of  the  hostile  fleet. 

The  means  of  defense  of  the  coast  line  as  a  whole  are  the  entire  mobile 
forces  of  the  Nation.  Upon  these  forces  rests  the  responsibility  of  protecting 
the  fortified  naval  bases  from  enemy  raids,  which  may  be  attempted  by 
landing  in  the  vicinity.  The  dispositions  should  be  such  as  to  prevent 
such  landings.  It  wiU,  however,  be  impossible  to  insure  that  no  landing  be 
made  along  the  entire  coast  line.  The  object  sought  in  locating  the  mobile 
forces  to  meet  such  operations  should  be  to  place  them  at  strategic  points 
which  will  enable  them  to  move  to  the  sea  frontier  in  time  to  attack  the 
enemy  before  his  landing  is  completed. 
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The  r61e  of  heavy  artillery  in  these  subdivisions  of  coast  defense  is  not 
entirely  the  same  in  both  cases.  For  harbor  defense  the  guns  must  be  on 
the  spot  at  all  times  prepared  to  forbid  the  presence  of  hostile  vessels  in 
certain  sea  areas.  For  the  general  defense  of  the  coast  line  the  mobile  troops 
assigned  to  that  duty  should  be  accompanied  by  heavy  artillery  prepared  to 
attack  either  land  formations,  transports  or  the  armed  naval  vessels  which 
will  be  supporting  the  troops  engaged  in  the  landing  operations. 

It  remains  to  consider  in  what  respects  the  development  of  the  war  has 
changed  previous  ideas  on  this  subject.  In  the  case  of  harbor  defenses  the 
existing  armament  lacks  in  power  when  judged  by  the  latest  standards.  It 
is,  however,  an  important  inner  defense  system  and  will  accomplish  the 
purposes  of  such  a  system  most  effectually.  In  order  to  provide  for  the 
unhampered  movements  of  our  own  fleet  in  leaving  important  harbors  it  will 
undoubtedly  be  necessary  to  supplement  the  existing  defenses  with  the 
highest  power  largest  caliber  guns,  placed  as  far  to  the  front  as  possible.  In 
order  to  accomplish  this  it  will  be  necessary  in  many  cases  to  occupy  islands. 
Under  these  circumstances  the  increased  mobility  of  high-powered  guns  is 
of  no  value,  and  recourse  will  consequently  be  had  to  fixed  emplacements. 
Where  headlands  connected  with  the  main  line  are  suitable  for  emplacing 
this  class  of  armament  the  use  of  railway  mounts  may  be  justified.  This 
might  enable  such  guns  to  be  withdrawn  for  service  with  the  mobile  forces 
or  to  reinforce  points  under  actual  attack. 

As  regards  the  general  defense  of  the  coast  line  the  absolute  impossibility 
of  utilizing  mobile  artillery,  either  tractor  or  railroad  drawn,  with  the  view 
of  preventing  a  naval  raid  upon  bathing  beaches  or  summer  resorts,  must 
be  recognized.  The  function  of  such  artillery  is  to  accompany  and  sup- 
port the  armed  mobile  forces  which  must  be  advanced  to  meet  the  hostile 
enterprise  as  near  the  beach  as  possible. 

The  foregoing  is  intended  as  a  brief  mention  only  of  the  salient  points  of 
this  subject  in  order  that  in  the  study  of  specific  projects,  which  will  be 
continually  arising  in  the  future,  the  general  principles  may  be  understood 
and  correctly  applied  in  all  cases. 


Railway  Artillery  Reserve,  American  E.  F. 

There  appears  below,  a  copy  of  paragraphs  II  and  III,  General  Orders 
No.  51,  Headquarters,  Railway  Artillery  Reserve,  American  E.  F. 

This  order  shows  in  paragraph  II,  the  units  which,  on  November  11, 
1918,  the  date  on  which  the  armistice  became  effective,  constituted  the  Rail- 
way Artillery  Reserve,  American  E.  F.;  and  in  paragraph  III,  the  dates  on 
which,  and  the  localities  in  which,  the  various  units  were  in  action  against 
the  enemy,  and  the  Army  with  which  each  was  serving  at  the  time. 

It  will  be  seen  from  this  order  that  the  units  of  the  Railway  Artillery 
Reserve,  American  E.  F.,  were  in  action  during  various  periods  with  the 
II,  IV,  VII,  VIII,  and  X  French  Armies  in  various  localities  from  the  vicinity 
of  SOISSONS  (Aisne),  to  the  vicinity  of  BELFORT  (Belfort),  as  well  as 
with  the  1st  and  2nd  Armies,  American  E.  F.,  in  the  ST.  MIHIEL  and 
ARGONNE-MEUSE  operations. 
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The  Railway  Artillery  Reserve,  American  E.  F.,  was  composed  of  troops  of 
the  Coast  Artillery  Corps  and  certain  staff  corps  troops  attached.  Later  a 
U.  S.  Naval  detachment  of  about  450  men  was  incorporated  in  the  com- 
mand. The  nucleus  of  the  organization  consisted  of  the  First  Expeditionary 
Brigade,  Coast  Artillery  Troops,  which  was  organized  at  Fort  Adams,  Rhode 
Island,  in  July- August,  1917,  under  command  of  Brigadier  General  George 
T.  Bartlett,  U.  S.  A.,  and  consisting  of  the  6th,  7th,  and  8th  Provisional 
Regiments,  Coast  Artillery  Corps.  The  Brigade  sailed  for  France  in  August, 
1917,  and  from  it  was  developed  the  Railway  Artillery  Reserve,  American 
E.  F.,  as  shown  in  paragraph  II  of  the  order.  After  its  arrival  in  France, 
the  designation  of  the  First  Expeditionary  Brigade,  Coast  Artillery  Troops, 
was  changed  to  "First  Separate  Brigade,  C.A.C."  then  to  "30th  Artillery 
Brigade  (C.A.C.  Railway),"  then  to  "Railway  Artillery  Reserve,  1st  Army, 
American  E.F."  and  finally  to  "Railway  Artillery  Reserve,  American  E.F." 
It  was  conmianded  by  Brigadier  General  Frank  W.  Coe,  U.S.A.,  (now 
Major  General  and  Chief  of  Coast  Artillery)  until  the  middle  of  1918.  From 
that  time  until  its  demobilization  in  December,  1918,  it  was  commanded  by 
Brigadier  General  William  Chamberlaine,  U.S.A. 

The  word  "Reserve"  in  connection  with  Railway  Artillery  was  really  a 
misnomer,  and  was  an  adaption  from  the  French  "Reserve  Grenerale  d'Artil- 
lerie."  The  Railway  ArtiUery  was  not  a  reserve  in  the  English  sense  of  the 
word,  but  was  a  reservoir  from  which  was  drawn  Railway  Artillery  units  as 
needed  on  the  various  fronts.  It  was  a  mass  of  Railway  Artillery  held  at  the 
disposition  of  the  Commander  in  Chief,  ready  at  all  times  for  temporary 
assignment  according  to  the  tactical  needs  of  the  situation  to  any  of  the 
French  or  American  Armies.  As  soon  as  a  mission  was  completed,  the  units 
assigned  to  it  were  returned  to  the  base  to  be  refitted,  reorganized,  re-equip- 
ped and  made  ready  for  immediate  further  service.  The  Railway  Artillery 
was  not  permanently  assigned  to  any  Army,  Corps,  or  Division. 


HEADQUARTERS  RAILWAY  ARTILLERY  RESERVE, 

American  Expeditionary  Forces,  France 

20  December  1918. 

General  Orders 
No.  51. 

II.  At  the  signing  of  the  Armistice,  11  November  1918,  the  Railway 
Artillery  Reserve,  American  Expeditionary  Forces,  was  composed  of  the 
following  organizations: 

Railway  Artillery  Reserve,  A.E.F.,  Headquarters  Staff, 
Railway  Artillery  Supply  Depot,  A.E.F. 
Military  Police  Detachment, 
Motor  Transport  Service  Detachment, 
Railway  Artillery  Repair  Shop, 
1st  Provisional  High  Burst  Ranging  Section,  R.A.R. 
1st  Railway  Artillery  Operation  Battalion,  A.S.C. 
1st  Railway  Artillery  Construction  Battalion,  A.S.C. 
Organization  and  Training  Center  No.  6,  including  the  Railway  Artillery 
Specialists'  School. 
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Railway  Artillery  Replacement  Battalion, 
30th  Artillery  Brigade  (C.A.C.) 

42nd  ArUUery  (C.A.C.) 

52nd  Artillery  (C.A.C.) 

53rd  ArtUlery  (C.A.C.) 

43rd  Artillery  (C.A.C.)  (Attached) 
40th  Artillery  Brigade  (C.A.C.) 

73rd  Artillery  (C.A.C.) 

74th  ArtiUery  (C.A.C.) 

75th  Artillery  (C.A.C.)  (Advance  School  Detachments  only) 
U.  S.  Naval  Railway  Batteries. 

III.     Organizations  of  the  Railway  Artillery  Reserve,  American  Expe- 
ditionary Forces,  were  in  action  as  follows: 


UNIT 

PLACE 

WITH 

DATES 

Ist  Echelon 
R.A.R. 

COUSSEY  (Vo8gC8) 

1st  Army 
American  E.F. 

19  August  1918  to 
27  August  1918. 

MORLAINCOURT  (Meuse) 

1st  Army 
American  E.F. 

27  August  1918  to 
19  Sept.  1918. 

ST.  ANDRE  (Meuse) 

1st  Army 
American  E.F. 

19  Sept.  1918  to 
13  October  1918. 

Hqra.  30th  Arty. 

ST.  ANDRE(Meuse) 

1st  Army 
American  E.F. 

13  Oct.  1918  to 
11  Nov.  1918. 

TOUL  (Meurthe-et-MoseUe) 

VIII  Fi-ench 
Army 

13  July  1918  to 
9  August  1918. 

Hdqra.  42nd  Arty. 
(C.AC.) 

MONTREAUX  VIEUX 

VIII  Rrench 
Army 

9  August  1918  to 
26  October  1918. 

Hdqn.  Ist  Bn. 
42nd  Arty.  (C.A.C.) 

LA  CHAPRIJ.K  Sous 
ROUGEMONT  (Alsace) 

VII  Rrench 
Army 

17  April  1918  to 
9  October  1918. 

DANNEMARIE  (Alsace) 

VII  French 
Army 

9  Oct.  1918  to 
11  Nov.  1918. 

Battery  "A" 

42nd  Arty.  (C.A.C.) 

LA  CHAPRIJ.R  sous 
ROUGEMONT  (Alsace) 

VII  Fi-ench 
Army 

18  AprU  1918  to 
11  Nov.  1918. 

Battery  "B" 

42nd  Arty.  (C.A.C.) 

LA  CHAPELLE  sous 
ROUGEMONT  (Alsace) 

VII  Fhmch 
Army 

18  April  1918  to 
11  Nov.  1918. 

Hdqra.  2nd  Bn. 
42nd  Arty.  (C.AC.) 

Foret  de  ST.  PAUL 
(Meurthe-et-MoseUe) 

VIII  French 
Army 

12  Sept.  1918  to 
25  Sept.  1918. 

Battery  "C" 

42nd  Arty.  (C.A.C.) 

Butte  du  MESNIL 
(Mame) 

IV  French 
Army 

10  Feb.  1918  to 
14  Feb.  1918. 

Bois  de  MENIL  La 
Tour  (Meurthe-et-MoseUe) 


VIII  Fhmch  5  July  1918  to 

Army  and  1st    25  Sept.  1918. 
Army  A.E.F. 
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UNIT 

PLACE 

WITH 

DATES 

Battery  "D" 

42nd  Arty.  (C.A.C.) 

Butte  du  MESNIL  (Mame) 

IV  French 
Army 

10  Feb.  1918  to 
14  Feb.  1918. 

CHAMPENOUX.  Foret 
de  ST.  PAUL  (Mcurthe-ct- 
Moselle) 

VIII  French 
Army 

5  July  1918  to 
25  Sept.  1918. 

Hdqra.  3rd  Bn. 
42nd  Arty.  (C.A.C.) 

SOMME  SUIPPEb 

(Mame) 

IV  French 
Army 

16  Apnl  1918  to 
22  Sept.  1918. 

Battery  "E" 

42nd  Arty.  (C.A.C.) 

Butte  du  MESNIL  (Marne) 

IV  French 
Army 

10  Feb.  1918  to 
14  Feb.  1918. 

SOMME  SUIPPES  (Marne) 
SUIPPES  (Marne) 

IV  French 
Army 

16  April  1918  to 
22  Sept.  1918. 

Battery  "P' 

42nd  Arty.  (C.A.C.) 

SOMME  SUIPPES  (Marne) 
COURTEMEONT  (Marne) 

IV  French 
Army 

16  April  1918  to 
22  Sept.  1918. 

Hdqrs.  52nd 
Arty.  (C.A.C.) 

TOUL  (Meurthe-et-Moselle) 

VIII  French 
Army 

11  July  1918  to 
8  August  1918. 

AUVE  (Marne) 

II  French 
Army 

10  Feb.  1918  to 
14  October  1918. 

THIERVILLE  (Meusc) 

II  French 
Army 

16  Aug.  1918  to 
26  Aug.  1918. 

Hdqrs.  Ist  Bn. 
52nd  Arty.  (C.A.C.) 

BLERCOURT  (Meuse) 

II  French 
Army 

26  Aug.  1918  to 
1  SepL  1918. 

• 

GENICOURT  (Meuse) 

1st  Army 
American  E.F. 

1  Sept.  1918  to 
17  Sept.  1918. 

RECICOURT  (Meuse) 

1st  Army 
American  E.F. 

17  Sept.  1918  to 
11  Oct.  1918. 

THIERVILLE  (Meuse) 

11  French 
Army 

26  Aug.  1918  to 
26  Aug.  1918. 

Battery  "A" 

52nd  Arty.  (C.A.C.) 

BLECOURT        (Meuse) 

II  French 
Army 

26  Aug.  1918  to 
1  Sept.  1918. 

GENICOURT  (Meuse) 

1st  Army 
American  E.F. 

1  Sept.  1918  to 
17  Sept.  1918 

RECICOURT  (Meuse) 

1st  Army 
American  E.F. 

17  Sept.  1918  to 
.  21  Oct.  1918. 

THIERVILLE  (Meuse) 

II  French 
Army 

16  Aug.  1918  to 
26  Aug.  1918. 

Battery  "B" 

52nd  Arty.  (C.A.C.) 

BLECOURT  (Meuse) 

II  French 
Army 

26  Aug.  1918  to 
1  Sept.  1918. 

GENICOURT  (Meuse) 

1st  Army 
American  E.F. 

1  Sept.  1918  to 
17  Sept.  1918. 

RECICOURT  (Meuse) 

1st  Army 
American  E.F. 

17  Sept.  1918  to 
2  Oct.  1918. 
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UNIT 


PLACE 


WITH 


DATES 


GROSROUVES  (Meurthe-et- 
Hdqn.  2nd  Bn.  Moselle) 

52nd  Arty.  (C.A.C.) 


Ist  Army 
American  E.F. 


5  Sept.  1918  to 
22  Sept.  1918. 


HAUDAINVILLE  (Meuse) 


1st  Army] 
American  E.F. 


22  Sept.  1918  to 
11  Nov.  1918. 


GROSROUVES  (Meurthe^t^ 
Battery  "C",  Moselle) 

52nd  Arty.  (C.A.C.) 


1st  Army 
American  E.F. 


5  Sept.  1918  to 
22  Sept.  1918. 


HAUDAINVILLE  (Meuse) 


1st  Army 
American  E.F. 


22  Sept.  1918  to 
11  Nov.  1918. 


GROSROUVES  (Meurthe-et-  Ist  Army  5  Sept.  1918  to 

Battery  "D".  MoseUe)  American  E.F.       22  Sept.  1918. 

52nd  Arty.  (C.AC.) 


HAUDANIVILLE  (Meuse) 


1st  Army 
American  E.F. 


22  Sept.  1918  to 
11  Nov.  1918. 


Near  SOMME  SUIPPES 

IV  French 

10  Feb.  1918  to 

(Mame) 

Army 

14  Feb.  1918. 

Hdqrs.  3rd  Bn. 

Near  CROIX^n-CHAMPAGNE 

52nd  Arty.  (C.A.C.) 

(Mame) ;  near  HANS 

(Mame);  near  SOMME 

IV  French 

7  April  1918  to 

SUIPPES  (Mame).  and  near 

Army 

10  Oct.  1918. 

JONCHERY-sur-SUIPPES 

(Marne) 

Near  SOMME  SUIPPES 

IV  French 

10  Feb.  1918  to 

(Marne) 

Army 

14  Feb.  1918. 

Near  CROIX-^n-CHAMPAGNE 


Battery  "E".  (Mame);  near  HANS 

52nd  Arty.  (C.A.C.)    (Mame);  near  SOMME 

SUIPPES  (Marne);  near 
JONCHERY-sur-SUIPPES 

(Marne) 


IV  French 
Army 


7  April  1918  to 
10  Oct.  1918. 


Battery  "P\ 

52nd  Arty.  (C.A.C.) 

Near  ISSE  (Mame);  near 
SOMME-SUIPPES  (Mame); 
near  JONCHERY-sur- 
SUIPPES  (Marne) 

IV  French 
Army 

7  April  1918  to 
10  Oct.  1918. 

AUVE  (Marne) 

IV  French 
Army 

11  July  1918  to 
7  August  1918. 

Hdqrs.  53rd 
Arty.  (C.A.C.) 

DOMEVRE  (Meurthe-et- 
Moselle) 

1st  Army 
American  E.F. 

3  Sept.  1918  to 
18  Sept.  1918. 

RECICOURT  (Meuse) 

1st  Army 
American  E.F. 

18  Sept.  1918  to 
16  Oct.  1918. 

CHARNY  (Meuse) 

1st  Army 
American  E.F. 

16  Oct.  1918  to 
11  Nov.  1918. 

Hdqrs.  1st  Bn. 
53rd  Arty.  (C.A.C.) 

DIEUE  (Meuse) 

1st  Army 
American  E.F. 

5  Sept.  1918  to 
18  Sept.  1918. 

Near  VERDUN  (Mease) 

• 

1st  Army 
American  E.F. 

18  Sept.  1918  to 
11  Nov.  1918. 
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Battery  "A". 
53rd  Arty.  (C.A.C.) 

RECICOURT  (Meusc) 

1st  Army 
American  E.F. 

18  Sep.  1918  to 
16  Oct.  1918. 

CHARNY  (Meuse) 

1st  Army 
American  E.F. 

16  Oct.  1918  to 
11  Nov.  1918. 

RIBECOURT  (Oisc) 

Ill  French 
Army 

5  June  1918  to 
9  June  1918. 

Battery  "B*\ 

53rd  Arty.  (C.A.C.) 

SOMME  DIEUE  (Meuse) 

1st  Army 
American  E.F. 

4  Sept.  1918  to 
18  Sept.  1918. 

Near  VERDUN  (Meuse) 

1st  Army 
American  E.F. 

18  Sept.  1918  to 
3  Oct.  1918. 

SOMME  DIEUE  (Meuse) 

1st  Army 
American  E.F. 

15  Oct.  1918  to 
11  Nov.  1918. 

DIEULOUARD  (Meurthe-et- 
Moselle) 

VIII  French 
Army 

7  August  1918  to 
18  Sept.  1918. 

Hdqn.  2nd  Bn. 
53rd  Arty.  (C.A.C.) 

NIXEVILLE  (Meuse) 

Iflt  Army 
American  E.F. 

18  Sept.  1918  to 
9  Oct.  1918. 

SOMME  DIEUE  (Meuse) 

1st  Army 
American  E.F. 

9  Oct.  1918  to 
4  Nov.  1918. 

MARBACH  (Meurthe-et- 
Moselle) 

2nd  Army 
American  E.F. 

4  Nov.  1918  to 
11  Nov.  1918. 

Battery  "C". 
53rd  Arty.  (C.A.C.) 

GRIMAUCOURT  (Meuse) 

1st  Army 
American  E.F. 

7  Sept.  1918  to 
19  Sept.  1918. 

SOMME  DIEUE  (Meuse) 

VIII  French 
Army 

30  March  1918  to 
12  May  1918. 

BOBECOURT  (Oise) 

IV  French 
Army 

12  May  1918  to 
10  June  1918. 

Battery  "D". 
53rd  Arty.  (C.A.C.) 

DIEULOUARD  (Meurthe-«t- 
Moselle) 

1st  Army 
American  E.F. 

5  July  1918  to 
19  Sept.  1918. 

NIXEVIU-E  (Meuse) 

1st  Army 
Amencan  E.F. 

19  Sept.  1918  to 
9  Oct.  1918. 

SOMME  DIEUE 

(Meuse) 

1st  Army    . 
American  E.F 

9  Oct.  1918  to 
4  Nov.  1918. 

MARBACH  (Meurthe-et- 
MoseUe) 

2nd  Army 
American  E.F. 

4  Nov.  1918  to 
11  Nov.  1918. 

BLENOD  (Meurtbe-et-Mosellej 

1      Ist  Army 
American  E.F. 

5  Sept.  1918  to 
19  Sept.  1918. 

Hdqn.  3rd  Bn. 
53rd  Arty.  (C.A.C.) 

VIENNE-le-VII.I.R  (Mame) 

IV  French 
Army 

19  Sept.  1918  to 
25  Oct.  1918. 

GENICOURT  (Meusc) 

1st  Army 
American  E.F. 

25  Oct.  1918  to 
9  Nov.  1918. 

BLENOD  (Meurthe-et-MoseUe] 

)      2nd  Army 
American  E.F. 

9  Nov.  1918 
11  Nov.  1918. 
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BLENOD  (Mcurthe-et-Moscllc)      1st  Army 

American  E.F. 

5  Sept.  1918  to 
19  Sept.  1918. 

Battery  "E". 
53rd  Arty.  (C.A.C.) 

VIENNE-le-VI!J.E  (Mamc) 

IV  French 
Army 

19  Sept.  1918  to 
25  Oct.  1918. 

GENICOURT  (Meusc) 

1st  Army 
American  E.F. 

25  Oct.  1918  to 
9  Nov.  1918. 

BLENOD  (Meurthe-et-  Moselle)    2nd  Army 

American  E.F. 

9  Nov.  1918  to 
11  Nov.  1918. 

BLENOD  (Meurthe-et-Mo«elle)      1st  Army 

American  E.P. 

5  Sept.  1918  to 
19  Sept.  1918. 

Battery  "P\ 

53rd  Arty.  (C.A.C.) 

VIENNE-le-VIL!.E  (Mame) 

IV  French 
Army 

19  Sept.  1918  to 
25  Oct.  1918. 

GENICOURT  (Meuse) 

1st  Army 
American  E.F. 

25  Oct.  1918  to 
9  Nov.  1918. 

BI^NOD  (Meorthe-et-Moselle] 

1     2nd  Army 
American  E.F. 

9  Nov.  1918  to 
11  Nov.  1918. 

Hdqre.  43rd  Arty. 
(C.A.C.) 

DIEUE  (Meuse) 

1st  Army 
Amencan  E.F. 

1  Sept.  1918  to 
17  Sept  1918. 

ST.  BARTHEI.EMY  (Meuse) 

1st  Army 
American  E.F. 

17  Sept.  1918  to 
11  Nov.  1918. 

GRIMAUCOURT  (Meuse) 

Ist  Army 
American  E.F. 

9  Sept  1918  to 
22  ^pt.  1918. 

Hdqn.  Ist  Bn. 
43rd  Arty.  (C.A.C.) 

AUBREVILLE  (Meuse) 

1st  Army 
American  E.F. 

22  Sept.  1918  to 
2  October  1918. 

CHARNY  (Meuse) 

1st  Army 
Amencan  E.F. 

2  Oct.  1918  to 
19  Oct.  1918. 

REGNEVIIJ.E  (Meuse) 

Ist  Army 
American  E.F. 

19  Oct.  1918  to 
11  Nov.  1918. 

DIEUE  (Meuse) 

1st  Army 
American  E.F. 

10  Sept.  1918  to 
22  Sept.  1918. 

Battery  "A". 
43rd  Arty.  (C.A.C.) 

AUBREVILLE  (Meuse) 

1st  Army 
American  E.F. 

22  Sept.  1918  to 
2  October  1918. 

CHARNY  (Meuse) 

1st  Army 
American  E.F. 

2  Oct.  1918  to 
19  Oct.  1918. 

REGNEVILI.R  (Meuse) 

1st  Army 
American  E.F. 

19  Oct.  1918  to 
11  Nov.  1918. 

LEROUVILI.R  (Meuse) 

Ist  Army 
American  E.F. 

12  Sept.  1918  to 
22  Sept.  1918. 

Battery  "B". 
43rd  Arty.  (C.A.C.) 

AUBREVILLE  (Meuse) 

Ist  Army 
American  E.F. 

22  Sept.  1918  to 
2  Oct.  1918. 

CHARNY  (Meuse) 

1st  Army 
American  E.F. 

2  Oct.  1918  to 
19  Oct.  1918. 

REGNEVILLE  (Meuse) 

Ist  Army 
American  E.F. 

19  Oct  1918  to 
11  Nov.  1918. 
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Battery  "C".  Near  NANCY  (Mcurthc-ct- 

43rd  Arty.  (C.A.C.)    Moselle) 


VIII  French 
Army 


Battery  "D* 
43rdArty.  (C  V.C.) 


MENIL-Ie-TOUR  (Meurthe-et- 
Moselle) 

POSTE  de  VELAINE 
(Meurthe-et-Moselle)  and 
MANONCOURT  (Meurthe- 
et-Moselle) 


VIII  French 
Army 


1  April  1918  to 
15  Aug.  1918. 


2  April  1918  to 
15  Aug.  1918. 


AMBLY  (Meuse) 


1st  Army 
American  E.F. 


1  Sept.  1918  to 
19  Sept.  1918. 


Hdqrs.  3rd  Bn.  RECICOURT  (Meuse) 

43rd  Arty.  (C.A.C.) 


1st  Army 
American  E  F. 


19  Sept.  1918  to 
24  Oct.  1918. 


REGNEVILLE  (Meu.ne) 


1st  Army 
American  E.F. 


26  Oct.  1918  to 
11  Nov.  1918. 


TILLY-sur-MEUSE  (Meuse)  1st  Army 

American  E.F. 


6  Sept.  1918  to 
22  Sept.  1918. 


Battery  "E",  RECICOURT  (Meuse) 

43rd  Arty.  (C.A.C.) 


1st  Army 
American  E.F. 


22  Sept.  1918  to 
26  Oct.  1918 


REGNEVILLE  (Meuse) 


1st  Army 
American  E.F. 


26  Oct.  1918  to 
11  Nov.  1918. 


LA  REHANNE  (Meurthe-et-  1st  Army 

Moselle)  American  E.F. 


17  May  1918  to 
8  Aug.  1918. 


GENICOURT  (Meuse) 
Battery  "P". 
43rd  Arty.  (C.A.C.)    — 


RECICOURT  (Meuse) 


1st  Army 
American  E.F. 


6  Sept.  1918  to 
19  Sept.  1918. 


1st  Army 
American  E.F. 


19  Sept.  1918  to 
26  Oct.  1918. 


REGNEVILLE  (Meuse) 


1st  Army 
American  E.F. 


26  Oct.  1918  to 
11  Nov.  1918. 


Hdqrs.  40th  TOUL  (Meurthe-et-  (Moselle)         2nd  Army 

Arty.  Brig.  (C.A.C.)  American  E.F. 


27  Oct.  1918  to 
11  Nov.  1918. 


1st  Naval 
Railway  Battery 

SOISSONS  (Aisne) 

X  French 
Army 

lU  Sept.  1918  to 
24  Oct.  1918. 

CHAMPENOUX  (Meurthe-et 
Moselle) 

VIII  French 
Army 

24  Oct.  1918  to 
11  Nov.  1918. 

FONTENOY-AMBI  .ENY 

(Aisne) 

X  French 
Army 

10  Sept.  1918  to 
6  Oct.  1918. 

2nd  Naval 
Railway  Battery 

FI.AVYJe-M ARTEL  (Aisne) 

X  French 
Army 

6  Oct.  1918  to 
24  Oct.  1918. 

CHARNY  (Meuse) 


1st  Army 
American  E.F. 


24  Oct.  1918  to 
5  Nov.  1918. 


LUNEVILLE  (Meurthe-et- 
Moselle) 


Vin  French 
Army 


5  Nov.  1918  to 
11  Nov.  1918. 
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3rd  Naval 
Railway  Battery 


THIERVILLE  (Mcusc) 


1st  Army 
American  E.F. 


12  Oct.  1918  to 
3  Nov.  1918. 


CHARNY  (Meuse) 


1st  Army 
American  E.F. 


3  Nov.  1918  to 
11  Nov.  1918. 


4th  Naval 
Railway  Battery 


THIERVILLE  (Meuse) 


Ist  Army 
American  E.F. 


13  Oct.  1918  to 
29  Oct.  1918. 


CHARNY  (Meuse) 


1st  Army 
American  E.F. 


29  Oct.  1918  to 
4  Nov.  1918. 


THIERVILLE  (Meuse) 


1st  Army 
American  E.F. 


4  Nov.  1918  to 
11  Nov.  1918. 


5th  Naval 
Railway  Battery 


THIERVILLE  (Meuse) 


1st  Army  13  Oct.  1918  to 

American  E.F.       11  Nov.  1918. 


Ist  Prov.  High  BELLEVILLE  (Meuse) 

Borst  Ranging  SeetioB 


1st  Army 
American  E.F. 


2,^  Oct.  1918  to 
11  Nov.  1918. 


1st  Motor  Mobile 
Repair  Shop. 


GLORIEUX  (Meuse) 


1st  Army  22  Sept.  1918  to 

American  E.F.       11  Nov.  1918. 


SUIPPES  (Marne) 


1st  Army 
American  E.F. 


25  Sept.  1918  to 
24  Oct.  1918. 


2nd  Motor  Mobile      

Repair  Shop  GLORIEUX  (Meuse) 


1st  Army 
American  E.F. 


24  Oct.  1918  to 
2  Nov.  1918. 


TOUL  (Meurthe-et-Moselle) 


2nd  Army 
American  E.F. 


2  Nov.  1918  to 
11  Nov.  1918. 


New  British  Battle-Cruisers 

The  largest  warship  in  the  world  is  now  being  completed  for  the  British 
Navy,  and  is  expected  to  be  commissioned  in  the  first  half  of  the  year.  She 
is  H.  M.  S.  Hood,  a  battle-cruiser,  the  first  of  a  group  of  four  vessels  which 
may  be  regarded  as  developments  of  the  *'Queen  Elizabeth"  type.  The  dis- 
placement is  well  over  30,000  tons,  and  the  length  no  less  than  894  ft., 
which  is  only  7  ft.  shorter  than  the  Aquitania,  the  largest  British  Uner  afioat. 
H.  M.  S.  Tiger,  698  ft.,  was  the  longest  vessel  in  the  Navy  of  1914,  but  she 
is  far  outclassed  by  the  Hood,  and  even  the  American  battle-cruisers  of  the 
"Constitution"  type — 872  ft.  in  length — have  lost  their  pride  of  place.  A 
very  high  sea  speed  is  aimed  at  in  the  Hood  and  her  sister  vesseb.  Although 
no  official  figure  can  be  obtained,  they  are  understood  to  be  designed  for 
35  knots,  which  is  likely  to  be  exceeded  in  service.  The  machinery  consists 
of  geared  turbines,  supplied,  we  understand,  with  steam  by  Yarrow  boilers 
burning  oil  only.  Great  attention  has  been  paid  to  the  protection  of  the 
hull  against  the  effect  of  submerged  explosions,  which  will  be  absorbed  by  a 
modified  form  of  the  "blister,"  or  cofferdam  system  first  applied  to  our 
large  monitors.  Notwithstanding  her  imposing  size,  the  ship  has  most 
graceful  lines.    The  "clipper"  bows  are  heavily  flared,  and  the  forecastle 
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deck  is  carried  well  aft.  The  main  battery  comprises  eight  15-inch  guns» 
mounted  in  two-gun  turrets,  all  on  the  center  line,  and  there  is  an  auxiliary 
armament  of  fourteen  6-inch  or  5.5-inch  guns  in  an  upper-deck  battery. 
The  Hood  has  two  funneb  and  two  tripod  masts,  and  in  appearance  is  not 
unlike  the  Renown,  except  that  she  has  an  extra  pair  of  guns  astern.  The 
Anson,  a  second  battle-cruiser  of  the  same  class,  is  building,  but  it  is  uncer- 
tain whether  the  third  and  fourth  ships  have  yet  been  laid  down. 

The  Engineer, 


GERMAN  NAVAL  TYPES 

Of  the  five  German  battle-cruisers  now  in  custody  at  Scapa  Flow,  the 
latest  and  most  powerful  are  the  Deiff linger  and  Hindenburg,  which  if  out- 
ward appearance  goes  for  anything,  are  sistejrships.  There  is,  however, 
some  doubt  on  this  point,  though  the  report  that  the  Hindenburg  carries 
eight  15-inch  guns,  as  against  eight  12-inch  in  the  Derff linger,  remains 
unconfirmed.  The  Derfflinger  was  laid  down  at  the  Blohm  and  Voss  yard, 
in  Hamburg,  in  March,  1912,  and  completed  a  week  or  two  before  the  out- 
break of  war.  Her  dimensions  and  other  particulars  are  as  follows:  length 
(on  water-line)  689  ft.,  beam  95  ft.,  mean  draught  27  H  ft.,  normal  displace- 
ment 26,600  tons.  The  propelling  machinery  consists  of  "Marine"  type — 
modified  Parsons — turbines,  driving  four  screws,  and  supplied  by  18  Schulz- 
Thomycroft  boilers,  all  of  which  are  coal  fired.  The  contract  called  for 
63,000  horse-power  and  26.5  knots,  but  those  figures  are  nominal  only.  The 
maximum  fuel  supply  amounts  to  no  less  than  4700  tons,  including  about 
600  tons  of  oil.  Like  all  German  battle-cruisers  the  Derfflinger  carries  a 
great  weight  of  armor.  The  main  belt,  12-inches  thick,  is  surmounted  by 
an  upper  strake  of  8  inch  armor,  above  which  again  is  the  5.9-inch  battery 
protected  by  7-inch  armor.  The  extremities  of  the  ship  are  clothed  with 
4-inch  or  5-inch  plating  as  high  as  the  main  deck.  At  each  end  of  the  main 
belt  there  is  a  10-inch  transverse  bulkhead,  and  two  protective  decks  are  fitted 
with  an  aggregate  thickness  of  7-inches  over  boiler,  machinery,  and  maga- 
zine spaces.  The  main  battery  comprises  eight  12-inch  50  caliber  guns, 
disposed  on  the  center-line,  all  the  guns  having  a  wide  arc  of  fire.  Twelve 
5.9-inch  Q.F.  are  mounted  in  the  upper  deck  battery,  and  there  is  a  number 
of  3.4-inch  Q.F.,  including  several  on  A.-A.  mountings,  in  the  superstructure. 
The  Derfflinger  is  heavily  built  up  amidships,  in  contrast  to  the  low  free- 
board at  bow  and  stem.  A  large  fore  tripod  carries  a  fire-control  station, 
in  the  upper  section  of  which  a  range-finder  is  installed.  Apparently  the 
boats  are  housed  between  the  funneb,  and  handled  by  derricks,  which  serve 
also  as  searchlight  platforms.  Unlike  the  earlier  German  battle-crubers. 
there  b  nothing  beautiful  in  the  lines  or  general  appearance  of  the  Derfflinger, 
which  b  low-browed  and  graceless,  albeit  not  without  a  suggestion  of  grim 
truculence  in  keeping  with  her  character. — The  Engineer. 
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Radio  Communication,  Theory  and  Methods.  By  John  Mills.  New  York 
McGraw-Hill  Book  Co. 

A  book  based  on  lectures  to  employees  of  the  Western  Electric  Company 
being  trained  for  radio  war  work,  and  since  adopted  as  a  text  by  the  War 
Department. 

This  book  contains  information  concerning  modem  methods,  including 
much  data  which  cannot  be  found  in  any  one  modem  text  book. 

The  book  is  adapted  for  use  by  those  who  have  not  had  calculus.  Some 
of  the  most  important  chapters  are  almost  free  from  mathematical 
methods.  Fundamental  principles  and  methods  rather  than  detailed  instruc- 
tion are  excellently  presented,  so  that  this  interesting  book  will  be  welcomed 
by  those  physicists  and  engineers  who  have  had  neither  the  time  nor  the 
Opportunity  to  keep  pace  with  principles  involved  in  modem  radio  methods. 

Map  Reading  for  Aviators  Including  Aerial  Navigation,  By  C.  B.  Benson. 
New  York.    E.  N.  Appleton.    5K"  x  7".    56  pp.    15  il. 

This  is  a  well  prepared  treatise,  but  it  takes  up  in  detail  only  the  elements 
of  the  subject  indicated  by  the  title.  Practically  the  entire  subject  matter 
of  this  book  is  included  both  in  "Sherrill"  and  in  "Spaulding,"  although  in 
not  quite  as  detailed  form.  For  use  of  the  artilleryman,  this  book  is  con- 
sidered necessarily  elementary  and  gives  only  a  portion  of  the  subject. 

Administration.  By  Connor,  Perron,  and  West.  New  York.  E.  N. 
Appleton.    6Ji"  x  9J^".     191  pp.    Price,  $2.00. 

This  is  a  reference  book  on  company  administration  and  is  well  written. 
The  subject  matter,  with  the  description  of  each  blank  form  and  an  explana- 
tion of  its  use  followed  by  a  correctly  made  out  form,  is  well  arranged. 

However,  due  to  the  many  recent  changes  in  the  system  of  company 
administration  and  supply,  this  book  is  of  little  value  to  a  person  who  has  no 
other  means  of  keeping  himself  informed  of  these  changes. 

Military  English,  Official  Correspondence,  Orders^  Messages,  and  Reports 
for  Use  in  Courses  Allied  to  Instruction  in  Military  Science  and 
Tactics.  By  Lieutenant  Percy  Waldron  Long,  Ph.D.,  U.  S.  Infantry, 
former  Captain  and  Adjutant,  Harvard  R.O.T.C.,  and  Adjutant  m 
the  School  of  Adjutants,  Plattsburg;  Frank  Wilson  Cheney  Hersey, 
A.M.,  Instmctor  in  English  in  Harvard  University;  1st.  Lieutenant 
Harvard  R.  0.  T.  C,  "Co-Author  of  English  Composition."  New 
York:  The  Macmillan  Company.  5Ji"x6}i".  121  pp.  Qoth. 
Price  $0.75. 

This  book,  of  convenient  shape  and  size,  was  prepared  to  conform  to  the 
recommendation  of  the  War  Department  Committee  on  Education  as  con- 
cise) 
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tained  in  the  Special  Descriptive  Circular  on  English.  Its  direct  purpose, 
as  stated  in  the  preface,  is  to  teach  the  soldier  student,  or  prospective  officer, 
how  to  write  the  correspondence,  orders,  messages,  and  reports  which  will 
be  required  of  him,  and  which  he  will  be  called  upon  to  understand  even  if 
he  does  not  write  them.  It  is  admirably  designed  to  accomplish  all  of  this, 
and,  in  addition,  posesses  sufficient  literary  value  by  reason  of  the  unusual 
examples  cited  to  make  it  of  more  than  average  interest;  a  distinct  contrast 
to  most  texts  on  composition  and  writing.  The  arrangement  and  style  are 
excellent. 

The  first  chapter  sets  forth  and  emphasises  the  three  principles  of  military 
English:  precision,  clearness,  and  brevity.  Three  of  its  most  interesting 
features  are  the  chapters  on  "Soldiers'  Letters  Home,'*  "Operation  Orders," 
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Use  of  Railroad  Artillery  in  Coast  Defense 

By  Major  Azell  Ames,  Coast  Artillery. 


FOREWORD 


The  writer  has  never  handled  railroad  artillery  and  hence 
the  subject  matter  of  this  paper  consists  only  of  such  memor- 
anda and  suggestions  as  have  resulted  from  some  years  of 
association  with  our  present  harbor  defense  materiel  and  with 
railroad  construction,  maintenance,  and  operation. 

The  purpose  of  this  paper  is  to  discuss  some  features  of 
the  materiel,  organization,  and  training  of  railroad  artillery 
and  its  necessary  relations  to  commercial  railroad  when  used 
in  coast  defense  in  the  United  States.  Tactical  questions  are 
considered  only  as  affecting  the  foregoing  subjects.  It  is 
assumed  that  mobile  artillery  has  two  functions:  1st,  to  "get 
there,"  and  2nd,  to  shoot.  As  the  Coast  Artillery  has  had 
for  many  years  much  more  experience  in  shooting  than  in 
"getting  there,"  attention  is  devoted  principally  to  this  latter 
function. 

Motor-drawn  artillery  is  considered  only  as  to  its  suita- 
bility in  situations  where  the  existence  of  highways  would 
render  unnecessary  the  construction  of  expensive  firing  tracks 
and  approaches. 
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I 

Tactics 

Principles: 

(a)  If  we  are  at  war  with  a  nation  where  territory  lies 
overseas,  and  the  nations  whose  land  frontiers  adjoin  ours 
are  friendly  and  sufficiently  powerful  to  repel  the  enemy  or 
neutral  and  uninvaded,  our  enemy  cannot  attack  us  on  land 
until  he  has  defeated  our  fleet  or  neutralized  it  by  superior 
naval  force.  He  must  successfully  wage  naval  war  against 
us  before  he  can  safely  send  against  us  overseas  expeditions 
of  invasion.  Our  harbor  defenses,  if  adequately  developed, 
by  denying  to  the  enemy's  fleet  the  use  of  our  important 
harbors  and  preventing  the  bombardment  of  our  dockyards 
and  naval  bases  form  an  important  adjunct  to  our  conduct  of 
naval  war,  but  obviously  their  fixed  armament  cannot  pre- 
vent his  landing  at  places  out  of  range  of  their  guns. 

If  an  enemy  has  obtained  sufficient  command  of  the  sea 
to  enable  him  to  undertake  an  overseas  expedition  against  us 
we  may  expect  him  to  attempt  to  cover  his  landing  by  fire 
from  ships  of  considerable  gun  power  and  armor  protection. 
The  immediate  mission  of  these  ships  will  be  to  neutralize 
the  fire  of  the  artillery  which  we  shall  bring  against  him  suffi- 
ciently to  enable  his  transports  to  land  not  only  his  troops 
and  supplies  but  his  own  heavy  mobile  artillery. 


Li 
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Before  the  present  war  we  have  never  had  a  mobile  gun 
ashore  of  sufficient  power  to  compete  with  the  gun  afloat  and 
hence  we  have  been  unable  to  base  our  defense  on  any  other 
idea  than  that  the  enemy  would  be  able  to  land  under  cover  of  the 
guns  of  his  ships  and  that  we  could  hardly  expect  to  success- 
fully attack  him  until  he  had  moved  far  enough  inland  to  be 
beyond  the  protection  of  their  fire.  Today  we  have  available 
or  in  sight  mobile  artillery  of  sufficient  power  to  engage  his 
guns  afloat  and  furthermore  we  may  be  sure  that  he  will  have 
aboard  his  transports  mobile  land  artillery  as  good  as  ours 
and  that  if  he  is  permitted  to  land  it  and  bring  it  into  action 
we  shall,  as  long  as  his  forces  remain  within  the  zone  of  fire  of 
his  fleet,  have  to  compete  with  both  his  guns  afloat  and  those 
he  has  set  ashore.     Obviously  then  instead  of  saying  as  before, 

*'Let  him  land  and  get  out  of  the  protection  of  his  ship's 
guns  and  then  go  after  him,"  we  must  now  say,  "Don't  let 
him  land!" 

We  may  hardly  expect  to  obtain  the  money  to  provide 
means  for  preventing  an  invasion  at  every  landing  place  on 
our  coasts,  but  an  invading  enemy  is  going  to  be  very  much 
restricted  in  the  selection  of  his  landing  places,  not  only  from 
consideration  of  depth  of  water  but  primarily  from  considera- 
tion of  the  military  value  of  the  landing  places.  Our  problem 
would  seem  to  be  to  provide  such  a  degree  of  protection  that 
the  enemy  will  have  to  choose  between  attempting  to  land 
his  expeditionary  forces  at  points  of  high  military  value  against 
heavy  opposition  or  at  points  of  doubtful  military  value 
against  less  opposition. 

Small  raiding  parties  with  very  light  artillery  can  land 
almost  anywhere  and  it  is  no  part  of  the  mission  of  heavy 
mobile  artillery  to  repel  them,  but  the  large  amount  of  heavy 
material  required  for  a  modem  invading  force  necessitates  a 
reasonably  good  harbor  or  roadstead  and  a  decent  landing 
place,  which  can  be  defended  after  being  seized  and  from  which 
the  invader  can  move  out  without  too  much  difficulty  against 
his  proper  objectives.  We  have  a  number  of  unfortified 
places  on  our  coasts  which  would  answer  his  purpose.  We 
also  have  a  number  of  harbors  commercially  of  some  impor- 
tance which  it  will  not  pay  to  fortify  and  which  would  not  be 
worth  protecting  against  an  enemy  landing  party  because  if 
our  fleet  has  lost  command  of  the  sea  our  water  com- 
merce has  been  lost  with  it,  but  primarily  because  they  are 
located  on  portions  of  the  coast  where  an  enemy  would  have 


148  JOURNAL  U.  S.  ARTILLERY 

no  object  in  landing  because  he  could  cause  so  little  military 
damage. 

Except  for  cotton  and  food  products,  the  production  of 
which  is  so  widely  scattered  as  to  preclude  their  destruction 
being  made  a  military  objective,  about  80  per  cent  of  our  war 
making  power  in  the  shape  of  coal,  oil,  iron,  and  steel  and 
explosives  producing  plants  and  other  great  manufacturing 
industries  is  located  between  Portland,  Me.  and  Norfolk,  Va., 
and  within  two  hundred  miles  of  the  coast.  Within  this  area 
we  ought  to  be  prepared  to  prevent  a  landing  at  any  point. 
On  the  remainder  of  the  Atlantic  and  Gulf  Coasts,  except  at 
the  entrance  to  the  Mississippi,  the  landing  of  large  expedi- 
tions would  be  unlikely  as  being  too  remote  from  the  principal 
sources  of  our  war  making  power.  On  the  Pacific  Coast  the 
landing  places  are  less  frequent  and  the  harbors  susceptible 
of  adequate  defense.  The  importance  of  this  portion  of  our 
sea  frontier  lies  in  the  difficulty  of  dislodging  an  enemy,  who 
might,  if  not  prevented  from  landing,  establish  himself  in  the 
passes  of  the  Rockies  and  practically  cut  off  all  the  territory 
to  the  west  from  the  remainder  of  the  country.  In  any  ter- 
ritory the  ability  of  the  enemy  to  maintain  his  vessels  off 
shore,  his  ability  to  land  his  men  and  materials,  to  protect 
them  and  to  move  out  to  attack  together  with  the  probability 
of  his  selecting  that  particular  place  must  be  the  true  gage 
and  criterion  of  our  defense  measures  there.  The  enemy  will 
always  have  the  initiative  in  such  an  undertaking.  We  must 
attack  him  at  a  point  of  his  own  choosing.  Be  our  com- 
munications and  our  information  service  ever  so  good  they 
may  fail  us,  especially  through  enemy  activity,  at  the  time  we 
need  them  most.  Our  mission  is  to  prevent  his  landing  his 
forces  especially  his  artillery.  In  our  own  artillery  capable 
of  combating  his  naval  guns  lies  our  only  means  of  preventing 
his  landing.  We  cannot  shoot  until  we  "get  there."  The 
essence  of  our  function  in  mobility. 

It  is  not  to  be  understood  that  railroad  and  motor  drawn 
artillery  are  not  adapted  to  harbor  defense.  Their  mobility 
may  enable  a  concentration  of  gun  power  on  fields  of  fire  not 
adequately  covered  by  the  fixed  armaments.  Furthermore, 
the  use  of  such  guns  and  howitzers  may  have  great  value 
against  attack  of  certain  harbor  forts  from  the  landward  side, 
but  nothing  can  be  more  fatal  to  the  true  performance  of  its 
proper  function  by  mobile  artillery  than  to  tie  it  down  to  or 
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even  associate  it  with  locality,  to  let  take  root  as  it  were. 
Once  assigned  to  the  defense  of  a  certain  place  or  allowed  to 
establish  such  associations  with  seacoast  cities  as  will  con- 
stitute a  claim  for  local  protection  and  in  time  of  emergency 
all  the  great  political  pressure  of  powerful  local  interests  will 
be  brought  to  bear  to  prevent  its  removal.  Once  restricted  to 
the  defense  of  a  given  position  or  field  of  fire  by  limitations, 
physical,  commercial,  or  political,  its  glory  has  departed,  and 
it  has  been  as  much  emasculated  from  the  performance  of  its 
true  function  as  an  ambulance  or  a  fire  engine  without  wheels. 
If  railroad  or  motor  drawn  wheeled  mounts  are  found  desirable 
for  harbor  defense  in  any  locality  and  are  assigned  there  in 
time  of  peace,  they  should  not,  for  the  reason  stated  above, 
be  considered  further  as  available  in  any  scheme  of  mobile 
coast  defense  any  more  than  the  fixed  armament  of  those 
harbor  defenses. 

As  it  cannot  be  assumed  that  we  shall  invariably  succeed 
in  preventing  the  landing  of  an  invading  force  another  argu- 
ment for  the  highest  mobility  presents  itself  in  that  we  must 
be  able  to  continue  our  efforts  to  prevent  the  enemy's  landing 
up  to  the  last  practicable  moment  and  then  be  able  to  rapidly 
withdraw  our  heavy  mobile  artillery  to  serve  its  purpose 
among  the  artillery  of  our  field  armies  where  it  will  in  general 
fire  at  fixed  rather  than  moving  targets,  being  designed  and  the 
necessary  fire  control  and  accessories  provided  for  either 
method  of  fire.  It  must  normally  be  held  at  strategic  rail- 
road centers  as  powerful  "Masses  of  Maneuver"  ready  to 
be  thrown  quickly  and  in  strength  at  the  threatened  portions 
of  our  sea  frontiers  and  equally  ready  to  engage  the  enemy 
afloat  or  ashore. 

Naturally  the  mobility  of  our  artillery  will  vary  in  some 
inverse  proportion  to  its  range  and  power  when  short  haul  is 
considered.  Railroad  artillery  over  a  long  haul  should  always 
be  able  to  make  better  time  than  motor  drawn.  Railroad 
artillery  gathered  to  oppose  an  enemy  landing  will  not  be 
able  to  shoot  and  run  as  in  field  operations.  It  is  doubtful 
if  after  having  taken  up  positions  it  will  be  moved  about 
much  (unless  he  makes  a  change  in  point  of  attempted  land- 
ing) until  the  enemy  has  either  been  driven  off  or  obtains  a 
sufficiently  strong  lodgement  ashore  to  threaten  its  capture, 
in  which  event  it  would  be  withdrawn  and  its  attack  turned 
to  land  targets.     Information  gathered  in  time  of  peace  will 
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show  the  enemy  the  location  of  all  permanent  railroad  estab- 
lishments in  the  region  of  his  proposed  landing.  In  field 
operations  over  a  wide  front  there  will  be  plenty  of  widely 
distributed  targets  for  railroad  artillery  that  has  fired  long 
enough  in  one  place  for  its  position  to  become  known  to  the 
enemy.  While  the  enemy  may  make  feints  at  points  other 
than  the  one  he  has  selected  for  his  actual  attempt  to  land  in 
force,  he  will  have  to  concentrate  liii  real  power  at  the  latter 
and  we  must  concentrate  to  oppose  him  and  depend  upon  air 
superiority  and  the  instability  of  his  firing  platforms  com- 
pared with  ours,  rather  than  upon  any  great  element  of  sur- 
prise in  our  attack  or  change  of  position  to  escape  punish- 
ment. The  historical  non-success  of  fleets  in  silencing  fixed 
shore  batteries  may  offer  us  some  comfort  on  this  score.  If 
we  are  to  have  enough  heavy  artillery  to  adequately  oppose  a 
landing  concentrated  within  the  front  on  which  the  enemy's 
ships  are  likely  to  fire  we  shall  probably  find  the  number  of 
suitable  railroad  artillery  positions  on  that  front  insufficient 
to  permit  of  extensive  changes  of  position  merely  to  escape  his 
fire. 

Observation  of  fire  is  going  to  take  a  place  it  has  never 
before  had  in  firing  at  ships  from  shore  and  the  flatness  of  the 
field  of  fire  afforded  by  the  sea  adds  an  attraction  to  balloon 
observation  to  that  already  offered  by  its  very  direct  means 
of  communication  by  telephone.  Against  the  powerful  radio 
equipment  of  ships  that  of  air  planes  is  likely  to  be  rendered 
of  small  value  in  reporting  artillery  observation  unless  very 
effective  measures  for  preventing  interference  are  devised. 
In  the  strictly  field  observation  subsequent  to  a  successful 
landing  by  the  invading  forces  our  balloons  should  prove  of 
more  value  than  in  our  operations  in  France  as  our  observers 
would  be  working  over  our  own  territory  with  the  aspect  of 
which  from  the  air  they  could  acquire  great  familiarity  in  time 
of  peace.  Of  course  our  balloons  will  be  of  little  value  without 
an  adequate  force  of  fighting  planes  to  protect  them.  Aircraft 
will  undoubtedly  constitute  an  important  part  of  the  equipment 
of  the  enemy's  expedition.  Indeed  we  may  all  look  to  see 
trans-oceanic  flights  before  we  are  again  brought  into  war 
with  a  foreign  power.  The  enemy  can  seldom  be  sure  how 
much  we  have  learned  of  his  plans.  Only  by  the  adequacy 
and  timeliness  of  our  air  defense  can  we  prevent  his  knowing 
our  dispositions  to  prevent  their  execution  and  it  is  probable 
that  only  by  air  superiority  can  we  hope  for  observation  of 
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our  long  range  fire  sufficient  to  make  it  effective.  So  much  of 
our  coast  affords  only  low  sites  that  even  the  fire  of  our  less 
heavy  guns  will  need  aerial  observation  for  its  correction. 
Bombing  planes  should  be  very  effective  against  naval  vessels, 
transports,  and  parties  attempting  to  force  a  landing.  Neither 
our  observation  nor  bombing  planes  nor  our  observation  bal- 
loons will  amount  to  much  without  an  established  superiority 
in  fighting  planes.  We  should  probably  continue  for  some 
time  to  do  as  in  France,  depend  on  the  Air  Service  for  planes 
and  balloons  and  for  pilots  but  furnish  most  of  the  observers 
from  our  own  officers  specially  trained  for  the  purpose.  The 
proportion  of  land  planes  and  sea  planes  in  any  concentration 
would  be  determined  by  the  Air  Service.  The  idea  of  some 
system  of  position  finding  from  balloons  suitable  even  for 
use  in  fire  against  moving  targets  is  not  so  far  beyond  possi- 
bilities as  to  exclude  it  from  consideration. 

The  specialized  training  required  for  anti-aircraft  artillery 
will  preclude  the  smaller  heavy  artillery  units  providing  their 
own  anti-aircraft  protection,  except  such  as  may  be  afforded  by 
machine  guns.  The  protection  of  our  heavy  artillery  used  in 
repelling  an  enemy  landing  against  raids  by  the  use  of  light 
field  guns,  aircraft,  anti-aircraft,  and  machine  guns,  and  its 
infantry  support  are  matters  which  it  is  not  proposed  to 
consider  here. 

Positions; 

(b)  The  positions  from  which  railroad  artillery  will  fire  at 
enemy  ships  will  probably  vary  from  those  selected  because  of 
their  command  of  channels  and  without  considering  existing 
commercial  trackage,  to  those  in  good  sized  railroad  yards 
already  in  commercial  use.  Even  at  the  present  cost  of  track 
construction,  detailed  study  of  the  coast  will  doubtless  show 
places  where  the  building  of  several  miles  of  tracks  purely  as 
firing  tracks  and  approaches  is  the  obvious  procedure.  We 
may  be  able  to  place  some  of  these  tracks  in  places  where 
their  commercial  value  as  railroad  feeders  might  not  only 
conceal  the  real  purpose  of  their  construction  but  produce  a 
revenue  that  would  go  toward  their  upkeep.  Whenever  com- 
mercial tracks  can  be  used  the  concealment  in  time  of  peace  of 
their  intended  military  purposes  is  assisted.  To  build  firing 
tracks  in  peace  time  and  attempt  to  conceal  them  by  camou- 
flage or  any  other  artificial  construction  would  be  the  surest 
way  to  disclose  their  military  purpose.    Taking  advantage  of 
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wooded  areas  in  constructing  new  tracks  in  peace  time,  while 
of  little  or  no  value  in  concealing  the  location  of  the  tracks 
might  appreciably  assist  in  concealing  the  presence  of  the 
materiel  using  them.  Commercial  railroad  yards  and  in- 
dustrial sidings  at  or  near  seaports  will  probably  be  our  usual 
firing  tracks  when  firing  at  ships.  Their  value  to  railroad 
artillery  used  to  augment  permanently  or  temporarily  the  arma- 
ment of  harbor  defense  is  well  shown  by  a  glance  at  the  rela- 
tion of  the  N.  Y.  N.  H.  &  H.  and  Long  Island  Railroads  to 
the  Coast  Defenses  of  Southern  and  Eastern  New  York  and 
Long  Island  Sound. 

It  would  seem  to  be  the  exceptional  case  where  railroad 
main  tracks  could  be  used  as  firing  tracks  as  they  will  surely 
be  worked  to  their  utmost  capacity  in  handling  troops  and 
other  military  trains  during  a  concentration  at  threatened 
points.  There  may  be  situations  where  the  tracks  paralleling 
the  shore  are  too  much  exposed  for  this  purpose  and  could  be 
used  as  firing  tracks,  the  concentration  in  the  immediate  region 
of  the  threatened  point  being  effected  by  highways  and  rail- 
road lines  leading  toward  the  shore  from  interior  points.  In 
such  cases  the  uniformity  of  grade  required  for  main  line  tracks 
provides  defiladed  positions  in  the  railroad  cuts  and  defilade 
must  be  depended  on  for  protection  where  for  reasons  of 
economy  of  concealment  of  intention  parapets  are  not  pro- 
vided. 

Railroad  artillery  units  will  probably  comprise  more  motor 
driven  vehicles  in  the  shape  of  ammunition  trucks,  portable 
searchlights,  reel  carts,  automobiles,  and  motorcycles  than  are 
shown  in  our  present  tables  of  organization  so  that  the  proxim- 
ity of  highways  to  the  gun  positions,  especially  for  ammunition 
supply  is  desirable.  Where  the  horizontal  base  system  of 
range  finding  is  used,  access  to  the  base-end  stations  will 
seldom  be  by  rail.  When  once  a  battery  is  in  position,  circula- 
tion and  supply  will  be  largely  by  motor  vehicles,  some  by 
track  motor  speeders,  but  mostly  by  highway.  Searchlight 
stations  and  tide  stations  (in  situations  where  tide  data  is  re- 
quired) are  likely  to  be  quite  remote  from  the  battery  positions. 
It  is  not  unlikely  that  positions  may  be  occupied  where  circu- 
lation to  outlying  stations  can  best  be  by  water.  The  folding 
boats  provided  for  this  purpose  are  likely  to  prove  valuable 
in  the  inspection  or  repair  of  railroad  bridges  over  streams  or 
arms  of  the  sea.     Electric  control  of  searchlights  except  from 
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the  light  itself  to  a  nearby  protected  operating  point  will 
involve  the  transportation  of  an  amount  of  cable  and  delay 
in  getting  into  action  that  will  be  unwarranted.  The  ditches 
and  slopes  on  the  less  exposed  side  of  the  road  bed  will  afford 
some  protection  for  communication  lines  and  culverts  may  be 
taken  advantage  of  for  circulation  and  cover. 

To  have  a  battery  of  railroad  guns  or  howitzers  on  car- 
riages not  designed  for  all-round  fire,  arrive  at  a  position  so 
placed  in  their  train  that  the  breaches  rather  than  the  muz- 
zles would  be  toward  the  field  of  fire,  or  to  have  to  run  back 
several  miles  on  the  main  line  to  turn  the  train  on  a  wve,  would 
hardly  be  forgiven.  Few,  if  any,  railroad  turn  tables  will 
hold  our  large  railroad  gun  cars,  so  that  if  wye  connections 
are  not  available  or  provided  at  the  entrance  to  approach 
tracks,  forethought  and  an  adequate  knowledge  of  the  road 
are  necessary  to  see  that  the  guns  arrive  right  end  foremost. 

Railroad  guns  in  position  will  not  usually  be  protected  by 
parapets  constructed  for  the  purpose.  Shelters  for  men  and 
ammunition  will  usually  be  dug  as  in  field  operations,  and  the 
observing,  plotting,  and  command  stations  will  need  both 
concealment  and  protection.  In  an  emergency  where  an 
engineer  dump  or  train  is  not  available  to  supply  material  for 
shelter,  a  considerable  amount  of  timber,  ties,  old  rail,  and 
structural  material  may  be  collected  from  the  railroad  which 
the  artillery  is  using.  Existing  sidetracks  should  not  be  torn 
up  for  this  purpose  unless  it  is  known  that  they  are  not  to  be 
used  in  the  scheme  of  concentration  or  defense.  Stone  or 
slag  ballasted  track  may  safely  be  robbed  of  enough  ballast 
to  fill  the  shallow  excavations  required  for  platforms  for  one 
or  more  of  our  new  types  of  railroad  mount.  A  large  amount 
of  wire  and  posts  could  be  gathered  from  the  fences  which 
enclose  the  right  of  way  of  railroads  in  our  Northern  and 
Middle  Atlantic  States. 

Our  standard  engineer  sand  bags  weighing  empty  62  lbs. 
per  100  bags  are  not  only  useful  for  revetments  of  outlying 
stations  to  which  a  considerable  quantity  may  be  carried  in  a 
side  car,  but  are  the  best  remedy  for  holding  the  embankments 
of  firing  and  approach  tracks  against  washouts.  The  writer 
was  once  able  to  save  the  abutment  of  an  important  main-line 
bridge  by  the  prompt  despatch  of  300  grain  sacks  and  a  few 
balls  of  marline  by  gasoline  track  speeder. 

The  acquisition  of  rights  of  way  to  firing  positions  will 


154  JOURNAL  U.  S.  ARTILLERY 

constitute  an  important  item  of  the  expense  of  installing 
firing  tracks.  In  the  regions  most  likely  to  be  selected  for  a 
landing  those  features  which  give  it  military  value,  viz., 
adequate  depth  of  water,  protected  anchorage,  access  to  rail- 
road lines,  proximity  to  centers  of  war  material  production 
also  give  high  value  to  land  either  for  industrial  or  residence 
uses.  Much  of  the  coastwise  railroad  trackage  is  at  such  a 
distance  from  the  shore  that  approach  tracks  from  one  to 
three  miles  long  would  be  necessary  to  reach  suitable  positions 
for  the  less  heavy  guns. 

To  purchase  outright  the  land  necessary  will  be  indicated 
in  some  places.  Long  term  leases  may  be  the  only  means  of 
acquiring  some  lands  except  under  condemnation  proceedings. 
Whether  to  buy  or  lease  or  whether  to  build  any  tracks  at  all 
in  peace  time  at  places  desirable  to  use  for  firing  positions 
will  have  to  be  made  the  subject  of  careful  study  at  each 
point.  In  time  of  war,  measures  could  be  readily  taken  that 
would  be  impracticable  in  peace  time;  for  example,  tracks 
could  be  very  rapidly  laid  along  streets  or  roads  or  private 
drives  and  the  necessary  buildings  demobilized  as  a  war 
measure. 

The  limiting  feature  in  many  cases  where  peace  time  ac- 
quisition of  land  could  be  had  only  at  exorbitant  cost,  would  be 
the  time  required  to  do  the  grading  prior  to  track  laying.  By 
accumulating  a  reserve  of  track  material  and  tools  and  making 
necessary  arrangements  for  labor  or  use  of  construction  troops 
at  the  outbreak  or  threatening  of  hostilities,  tracks  can  very 
quickly  be  thrown  in  where  there  is  little  grading  to  do,  and 
by  this  procedure  heavy  expenditure  for  purchase,  peace  time 
rental,  and  upkeep  may  be  avoided.  By  co-operating  with 
industrial  or  reality  development  companies  the  roadbeds  may 
in  some  cases  be  prepared  in  peace  time  without  their  military 
purpose  being  disclosed,  and  the  tracks  laid  only  when  war 
is  inmiinent. 

Materiel 

Guns  and  Carriages. 

(a)  So  far  as  is  known  to  the  writer  no  motor-drawn  guns 
nor  howitzers  have  been  developed  up  to  this  time  by  our 
Ordnance  Department,  which  are  suitable  for  attacking  mov- 
ing targets,  except  a  75  mm.  gun  mounted  on  a  2^ton  truck 
and  this  gun  is  too  light  for  use  against  fighting  ships,  though 
it  might  assist  in  repelling  boat  attacks  or  be  used  against 
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landing  parties.  Such  railroad  track  and  roadbed  as  would 
be  required  for  railroad  artillery  would  today  cost  between 
$40,000  and  $50,000  per  mile.  In  many  places  highways 
practicable  for  motor-drawn  artillery  exist  near  our  coasts 
where  no  railroad  trackage  is  available.  It  seems  certain  then 
that  we  should  develop  types  of  motor-drawn  guns  and  howitz- 
ers having  arcs  of  fire  of  say  60  degrees  with  traversing  plat- 
forms or  gear  suitable  for  following  moving  targets.  Probably 
the  milage  of  improved  highways  along  our  coasts  is  increasing 
many  times  faster  than  the  railroad  trackage.  New  roads  are 
constantly  being  built  to  points  on  or  near  the  shore  while 
the  extension  of  steam  railroad  sidetracks  or  electric  railways 
to  shore  points  is  proportionately  quite  infrequent.  It  may 
not  be  found  practicable  to  develop  a  motor-drawn  gun  or 
howitzer  much  over  8-inch  caliber  that  can  get  into  action 
as  quickly  as  is  desirable  and  what  is  likely  to  be  needed  is 
truly  mobile  artillery  rather  than  "artillery  of  alternative 
position"  as  there  may  be  little  time  to  spend  in  placing  heavy 
guns  and  carriages  transported  in  parts  on  previously  pre- 
pared foundations  and  the  very  presence  of  foundations 
previously  built  and  previously  located  by  the  enemy's  intel- 
ligence department  is  undesirable. 

It  is  safe  to  say  that  from  the  standpoint  of  saving  in  cost 
of  track  construction  and  in  saving  congestion  on  the  railways 
in  time  of  threatened  invasion,  the  development  of  motor- 
drawn  artillery  suitable  for  the  attack  of  ships  should  be 
urged.  By  no  means  let  us  be  afflicted  with  tractors  that  can 
make  but  two  or  three  miles  per  hour  on  good  roads.  Motor- 
drawn  artillery  that  cannot  travel  fifteen  miles  per  hour  on 
good  roads  is  not  worthy  of  the  name.  If  caterpillar  tractors 
are  necessary  for  pulling  guns  into  position  they  should  be 
transported  on  low-hung  trucks  to  the  points  where  they  are 
needed.  All  wheels  of  guns  or  howitzers  should  be  rubber 
tired  to  permit  of  their  being  hauled  at  proper  speed.  Trucks 
and  tractors  should  be  provided  with  capstans  to  be  driven 
by  the  propelling  engines  through  suitable  clutches.  A  much 
more  adequate  equipment  of  spare  parts  and  tools  than  is 
reported  to  have  been  available  in  France  should  be  provided. 

The  following  railroad  armament  capable  of  being  fired  over 
areas  sufficient  for  use  against  ships  and  not  requiring  more 
than  a  few  hours  for  installation  is  understood  to  be  available 
or  under  construction: 
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16-inch  Howitzer  Model  E,  on  railroad  mount,  Model 
1918,  when  mounted  on  a  specially  laid  emplacement  in  the 
roadbed.  14-inch  Army  Rifle,  Model  E,  on  R.  R.  mount 
when  used  on  foundation  of  tamped  slag,  or  broken  stone  in 
shallow  excavation.  12-inch  Motor,  Model  1890,  ML,  on 
carriage  Model  1918,  on  R.  R.  car  Model  1918.  MI.  (Time 
necessary  for  preparation  of  firing  platform  not  known  to 
writer).  8-inch  Seacoast  Rifle,  Model  1888,  Barbette  Car- 
riage, Model  1918,  on  R.  R.  car.  Model  1918  MI.  7-Inch 
Navy  Gun  and  Pedestal  Mount  with  adapter  for  use  on  R.  R. 
car  Model  1918  MI. 

Probably  a  howitzer  of  about  8-inch  caliber  having  a  wide 
arc  of  fire  and  a  range  of  18,000  to  20,000  yards  mounted 
on  a  railroad  car  that  could  be  fired  from  standard  truck 
with  portable  reinforcement  would  prove  very  useful  in  both 
seacoast  and  land  operations.  A  motor-drawn  gun  approxi- 
mating the  155  mm.  G.P.F.  seems  very  desirable. 

While  anti-aircraft  guns  could  readily  be  arranged  to  fire 
from  such  railroad  mounts  as  our  railroad  cars,  Model  1918  MI, 
it  seems  probable  on  account  of  the  positions  it  may  frequently 
be  desirable  for  such  guns  to  occupy,  that  greater  economy 
will  result  from  building  them  for  motor-draft  and  transporting 
them  by  rail  for  long  haul.  The  lighter  field  guns,  trench 
mortars,  etc.,  need  no  special  adaption  for  rail  transportation. 
It  might  be  well,  however,  now  that  many  railroad  yards  are 
equipped  with  travelling  cranes  to  consider  loading  them  by 
slings  to  save  delay  incident  to  congestion  at  the  available 
ramps  or  loading  platforms.  Naturally  the  limitations  of 
railroad  clearance  have  to  be  considered  in  all  designs  of 
railroad  artillery  equipment  or  materiel  to  be  transported  by 
rail. 

Other  Rolling  Equipment 

(b)  The  ammunition  cars  designed  by  the  Ordnance  De- 
partment seem  to  be  of  very  good  design.  The  permanent 
use  of  the  explosive  labels  of  the  I.  C.  C,  Bureau  of  Explosives, 
is  desirable  to  insure  proper  habits  in  handling  them. 

Plans  have  been  prepared  of  fire  control  cars,  containing, 
a  plotting  room  and  a  coincidence  range  finder.  Where  their 
presence  can  be  concealed  they  should  prove  very  convenient 
It  is  suggested  that  the  design  be  considered  of  a  metal  trough 
or  sled  in  which  the  tube  of  a  self-contained  horizontal-base 
range  finder  can  be  placed,  with  light  tackle  to  remove  it  from 
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its  car,  to  be  hauled  to  a  position  of  greater  command  than 
that  afforded  by  the  car.  A  field  pedestal  could  be  provided 
for  the  tube. 

Searchlights  will  probably  in  general  be  mounted  on  motor 
trucks.  In  some  instances  two  high  powered  lights  with  their 
generating  plant  mounted  in  a  suitable  box  car  with  removable 
sides  would  provide  a  convenient  unit;  the  avoidance  of  having 
to  lose  illumination  while  changing  carbons  being  of  impor- 
tance in  seacoast  work. 

Arrangements  for  disposal  of  garbage  and  excreta  from 
latrines  of  cantonment  cars  located  for  several  days  in  one 
place  will  be  necessary  as  well  as  minor  modifications  of  the 
lighting,  heating,  and  water  supply  of  cantonment  and  other 
cars,  due  to  their  longer  separation  from  a  base  than  is  com- 
mon with  such  cars  in  commercial  use.  The  sanitary  .condi- 
tions often  attending  the  use  of  bunk  and  boarding  cars  on 
conmiercial  railroads  are  far  below  military  requirements. 

For  fire  control  and  communications  as  well  as  for  train 
and  carriage  lighting  electric  current  will  be  required.  The 
usual  commercial  axle  lighting  systems  generating  direct 
current  at  32-36  volts,  should  prove  very  adaptable  to  our 
needs,  though  portable  30-volt  gasoline-electric  sets  will  have 
to  be  carried  in  one  car  of  each  battery  or  higher  unit  trains 
for  use  in  places  where  those  cars  cannot  remain  at  the  posi- 
tions. Tents  or  other  portable  wind  and  waterproof  shelters 
will  have  to  be  provided  for  power  plants,  switch  boards,  T.  I. 
devices,  plotting  outfit,  and  observing  instruments,  which 
may  have  to  be  set  up  and  used  in  the  open  if  time  is  lacking 
for  sheltered  or  protected  installation.  An  almost  unbeliev- 
able amount  of  equipment  can  be  carried  in  an  ordinary  box 
car  if  properly  stored. 

It  is  suggested  that  all  railroad  artillery  cars,  whether 
steam  heated  and  electrically  lighted  or  not  be  provided  with 
a  steam  train  line  and  an  electric  train  line  with  proper 
couplers  and  jumpers.  The  electric  train  line  should  contain 
two  mains  of  sufficient  copper  to  enable  the  storage  batteries 
of  electrically  lighted  cars  to  be  charged  from  the  power  unit 
car,  when  on  account  of  the  cars  having  been  standing  for  a 
considerable  period  the  axle  generators  have  been  inactive. 
By  simple  connections  the  batteries  of  any  car  provided  there- 
with can  be  cut  in  to  supply  the  fire  control  and  communica- 
tion lines.    Electric  train  line  couplers  could  contain  a  few 
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telephone  circuits  and  should  of  course  be  designed  so  as  to 
prevent  errors  of  connection  in  coupling.  Commercial  pat- 
terns of  such  devices,  if  not  exactly  suitable  for  our  needs,  can 
form  the  basis  of  the  needed  design.  The  steam  train  line 
suggested  above  will  enable  the  Baker  heaters  to  be  used  for 
heating  ammunition  cars  and  if  provided  with  outlets  or  some 
steam  hose  with  Siamese  connections,  heat  could  be  supplied 
through  portable  coils  to  ammunition  shelters.  Baker  heaters 
could  hardly  be  installed  in  the  ammunition  cars  themselves. 

The  U.  S.  Railroad  Administration  in  co-operation  with 
the  railroads  has  designed  a  few  standardized  types  of  loco- 
motives. The  use  of  these  types  especially  the  freight  loco- 
motive for  artillery  trains  should  save  delay  and  expense  in 
buying  and  inconvenience  in  securing  repair  parts,  especially 
in  war  time. 

Certain  cars,  generally  flats,  will  be  assigned  to  carry  the 
motor  vehicles  including  ammunition,  supply  and  repair 
trucks,  motor-drawn  searchlights  and  reel  carts.  Box  cars, 
the  removable  sides  of  which  can  be  designed  for  use  as  ramps 
can  carry  the  necessary  automobiles  and  motorcycles  with 
side  cars.  One  of  the  side  cars  for  the  working  and  security 
details  for  each  remote  station  should  carry  a  machine  gun. 

As  all  cars  will  of  necessity  have  air-brakes  the  pressure 
system  of  water  supply  can  be  used  for  kitchen,  infirmary,  and 
other  cars,  though  hand  pumps  should  be  provided  to  take 
care  of  the  condition  of  the  cars  being  disconnected  from  a 
locomotive  for  considerable  periods.  For  the  same  reason 
Baker  heaters  will  be  required  where  steam  heating  is  employed. 
The  use  of  any  water  system  employing  outside  tanks,  makes 
steam  heat  requisite  in  freezing  weather. 

As  the  wrecking  equipment  of  commercial  railroads  is 
seldom  in  excess  of  its  daily  demands  the  higher  artillery 
units,  say  each  brigade  should  each  have  a  wrecking  outfit 
with  a  powerful  steam  crane  and  accessories.  For  a  like 
reason,  each  regiment  having  to  operate  in  northern  latitudes 
in  winter  should  have  a  combined  snow  flanger  and  plow 
available. 

Fire  Control: 

(c)  Many  portions  of  our  shores  are  so  low  that  position 
finding  instruments  mounted  on  tripods,  or  mounts  of  the 
usual  height  will  be  unable  to  track  ships  at  present  day  battle 
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ranges  because  they  will  be  below  the  horizon.  This  condi- 
tion will  especially  exist  where  not  wishing  to  disclose  the 
location  of  our  base  end  or  other  stations  by  erecting  structures, 
we  simply  plant  survey  monuments  there,  tie  them  in  to 
existing  landmarks  and  cover  them  up.  Mobile  artillery  can 
hardly  be  expected  to  carry  with  it  portable  towers  of  suffi- 
cient rigidity  to  support  instruments  that  have  to  be  carefully 
levelled  or  oriented.  The  extreme  case,  but  not  beyond  the 
necessity  of  consideration  is  that  where  enemy  ships  fire  from 
distances  at  sea,  such  that  due  to  the  curvature  of  the  earth 
or  atmospheric  conditions,  they  cannot  be  seen  at  all  from 
terrestrial  stations  of  any  practicable  height. 

It  does  not  seem  at  all  certain  that  our  present  methods  of 
tracking  and  plotting  moving  targets  will  be  those  we  shall 
use  in  the  not  distant  future.  Possibly  study  of  some  of  the 
range  finding  methods  employed  in  anti-aircraft  work  may 
disclose  ideas  adaptable  to  the  firing  of  heavy  guns.  The 
Navy  manages  to  hit  at  extremely  long  ranges  and  while  we 
prefer  to  use  methods  of  position  finding  of  greater  precision 
than  theirs,  we  ought  to  be  able  to  hit  ships  by  their  methods 
if  we  have  to. 

With  mobile  artillery  it  may  be  possible  to  take  advantage 
of  existing  commercial  structures  as  position  finding  stations 
as  an  offset  to  the  low  altitude  of  the  shore.  Their  very 
numbers  would  in  many  instances  cause  anyone  of  them  to 
engage  the  enemy's  attention  much  less  than  would  a  struc- 
ture which  he  could  recognize  as  being  built  solely  for  military 
purposes.  If  we  are  to  continue  to  use  the  horizontal  base 
system,  the  most  accurate  we  are  familiar  with,  it  would  seem 
that  our  base  lines  to  cover  the  fields  of  fire  from  all  or  most  of 
the  desirable  positions  in  the  vicinity  of  probable  landing 
places  should  be  laid  out  in  peace  time  and  the  base  ends  and 
directing  points  for  probable  positions  monumented.  This 
base  line  data  could  be  recorded  and  a  battery  commander,  as 
soon  as  assigned  a  position,  could  look  up  his  data  and  adjust 
his  plotting  board,  while  perhaps  miles  away  from  his  posi- 
tion. A  type  of  plotting  board  capable  of  adjustment  of  its 
base  line  to  wide  variations  of  azimuth  will  be  necessary. 
Adjustable  couplers  or  a  number  of  them  marked  for  their 
respective  base  lines  would  be  necessary.  For  indirect  fire 
the  use  of  the  panoramic  sight  and  an  aiming  point  would  in 
the  absence  of  oriented  azimuth  circles  on  the  gun  carriages, 
be  as  necessary  as  in  field  firing.  ^ 
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Probably  one  of  the  most  difTicult  matters  to  arrange 
satisfactorily  will  be  the  communication  lines  to  base  end 
stations.  A  lead  sheath  and  a  tile  duct  a  couple  of  feet  under 
ground  are  not  much  of  a  protection  against  enemy  fire  and 
it  is  probable  that  our  lines  located  in  the  open  in  as  sheltered 
positions  as  we  can  find  will  not  suffer  much  more  than  cor- 
responding lines  in  an  up  to  date  installation  at  a  harbor  fort. 
They  certainly  would  be  much  more  easy  to  repair  than  the 
more  permanent  constructions.  Reel  carts  in  general  would 
be  motor  drawn,  though  a  light  type  of  man-hauled  cart  with 
broad  tired  wheels  like  the  beach  carts  used  by  the  Coast 
Guard  for  their  shot  line  gun  equipment  might  be  very  ser- 
viceable in  some  places.  Circulation  plans  showing  tracks, 
roads,  trails,  streams,  fences,  forestation,  etc.,  in  the  neighbor- 
land  of  positions  in  its  territory  should  be  a  part  of  the  equip- 
ment of  each  railroad  artillery  train  in  addition  to  plans  of 
triangulation,  base  line  data,  etc.  A  change  from  coast  to 
field  firing  methods  would  be  facilitated  if  the  north  of  our 
quadrillage  were  the  zero  of  azimuth  and  the  co-ordinates  of 
all  prominent  points  along  the  coast  and  our  selected  battery 
positions  more  remote  form  the  shore  tabulated.  Our  angular 
and  linear  units  should  be  the  same  for  both  systems  of  fire. 
Our  plotting  room  is  quite  likely  to  be  in  a  house  or  barn  and 
our  apparatus  including  portable  lights  should  be  designed. 

Ammunition: 

(d)  Col.  Beverly  W.  Dunn  in  a  letter  to  the  writer  states, 
"I  doubt  whether  your  ammunition  cars  will  have  any  higher 
temperatures  than  exist  in  the  limber  chests  of  field  artillery. 
We  have  no  data  to  show  that  our  explosives  have  been  injured 
by  exposure  to  these  temperatures."  He  suggests  the  use  of 
insulating  material  on  the  roofs  and  sides  of  ammunition  cars 
and  allowance  for  ventilation. 

• 

Ammunition  in  steel  box  cars  even  well  insulated  will  be 
subjected  to  much  more  sudden  and  greater  changes  of  tem- 
perature than  in  the  usual  seacoast  magazines.  The  precau- 
tions for  determining  power  temperature  that  have  been 
found  necessary  in  the  A.  E.  F.  in  France  should  be  equally 
applicable  in  railroad  artillery  service  here,  though  our  tem- 
perature ranges  here  may  be  expected  to  be  greater  than  those 
encountered  there.  Our  officers  returning  from  abroad  speak 
of  a  great  lack  of  care  in  handling  projectiles.  Those  served 
from  railroad  anmiunition  cars  can  receive  all  necessary  care. 
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Those  brought  from  railroad  stations  or  dumps  by  motor 
trucks  are  more  liable  to  damage  to  the  rotating  bands.  It  may 
be  found  worth  while  to  provide  containers  for  this  method  of 
handling  which  will  give  more  protection  than  rope  grom- 
mets. 

Damage  to  tracks  from  hostile  fire,  lack  of  locomotives 
and  congestion  of  rail  lines  may  frequently  require  supply  of 
ammunition  to  railroad  batteries  in  position  in  excess  of  their 
initial  supply  by  means  of  motor  trucks.  The  number  of 
such  trucks  shown  in  our  present  tables  of  organization  for 
railroad  units  would  handly  be  adequate  for  this  service.  In 
any  case  push  cars  or  track  lorries  to  be  moved  by  man  power 
should  be  provided  to  carry  ammunition  to  battery  positions 
either  from  ammunition  cars  in  sheltered  locations  or  from 
points  at  highway  crossings  where  ammunition  is  brought  by 
motor  trucks  that  cannot  reach  the  positions  themselves. 
Gasoline  track  cars  of  the  general  type  used  on  the  railroads 
for  track  gangs  would  save  time  and  man  power  and  are  readily 
carried  on  flat  cars  while  the  batteries  are  in  transit. 


(To  be  continued) 


Types  of  Railway  Mounts 

By  Ll    CoL   L  H.    Campbelly    Ordnance  Department    V.  S  A. 

{Captain^  Coast  Artillery  Corps.) 


It  is  the  purpose  of  this  article  to  present  in  a  condensed 
form,  a  description  of  the  types  of  Railway  Mounts  which  will 
be  manned  by  the  Coast  Artillery.  It  is  believed  that  the 
article  will  serve  as  a  reference  for  distinguishing  between  the 
various  types,  and  no  attempt  is  made  to  give  more  than  a 
very  general  description  of  the  salient  features  of  each.  With 
the  exception  of  the  mounts  especially  mentioned,  all  were 
designed  by  the  Ordnance  Department,  and  are  described 
beginning  with  the  smallest  caliber,  and  not  in  the  order  of 
their  conception  and  design. 

All  of  our  railway  mounts  may  be  roughly  divided  into  two 
classes;  first,  those  mounted  on  a  special  type  of  drop  frame 
car,  and  secondly;  those  mounted  on  a  special  car  of  the  girder 
type.  Of  the  first  type  two  models  were  built,  known  as  the 
Models  of  1918  and  1918  MI.  The  Model  1918  car  is  pro- 
vided with  hydraulic  jacks  which  lower  the  car  body  to  the 
raiJs  and  relieve  the  trucks  of  the  firing  load.  For  transporta- 
tion the  car  body  is  raised  from  the  rails  by  the  hydraulic 
jacks. 

The  Model  1918  MI  car  which  succeeded  this  type  depends 
upon  a  firing  platform  for  taking  the  firing  load  off  the  trucks. 
This  platform  consists  of  two  steel  I-beams  laid  parallel  to, 
and  on  the  outside  of  the  standard  rails,  and  wooden  sleepers 
laid  on  top  of  the  I-beams  at  right  angles  thereto.  In  placing 
the  car  on  this  firing  platform,  it  is  first  raised  by  means  of 
screw  jacks.  The  firing  platform  is  placed  in  position  under 
the  car,  and  the  car  body  is  lowered  by  the  screw  jacks  to 
the  platform,  relieving  the  trucks  of  the  firing  load. 

In  both  the  1918  and  1918  MI  cars,  outriggers  and  spades 
are  provided  which  may  be  placed  at  various  angles  to  the  car, 
for  transmitting  the  horizontal  component  of  the  firing  load 
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to  the  earth.  This  type  of  car  is  used  in  mounting  the  T-inch 
guDS,  8-inch  guns  and  12-inch  Mortars.  The  Mortar  car  is 
identical  with  the  gun  car,  with  the  exception  that  it  is  mounted 
on  two  6-wheel  trucks  instead  of  two  4-wheel  trucks. 

With  a  well  trained  crew,  these  cars  may  be  placed  in 
firing  position  in  about  fifteen  minutes. 


7-Inch  Railway  Mount 

The  gun  and  mount  were  secured  from  the  Navy  Depart- 
ment, and  mounted  on  the  standard  Ordnance  Department 
Railway  gun  cars.  Models  1918  and  1918  MI. 

In  order  to  raise  the  mount  in  the  well  of  the  car  to  pre- 
vent interference,  a  sub-base  is  bolted  to  the  car  frame  and 
the  pedestal  of  the  carriage  mounted  thereon.  The  gravity 
system  of  loading  is  used. 

These  mounts  were  not  intended  for  service  Abroad,  but 
were  built  for  use  along  our  Coast  against  submarine  raiders. 
Of  course  the  mount  is  equally  well  adapted  for  field  operations. 
The  following  data  applies  to  this  mount: 

Total  Weight - 171,000  lbs. 

Length  of  Gun.. .45  calibers. 

Muzzle  Velocity 2700  f.s. 

Range— max.  elev.  15°  10' 17,000  yds. 

Loading  angle .-.  — 5°..- 

Weight  of  Projectile 165  lbs. 

Weight  of  Powder  Charge 58.8  lbs 

Traverse. 360". 
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8-Inch  Railway  Mount,  Model  1918 

This  mount  consists  of  a  Barbette  Carriage  with  hydraulic 
brake  and  spring-return  counter  recoil  system.  This  carriage 
is  capable  of  360  degrees  traverse,  the  usual  type  of  racer,  base 
ring  and  traversing  rollers  being  employed.  The  gunner's 
platform  of  structural  steel  is  secured  to  the  side  frames  and 
moves  in  traverse  with  the  racer.  This  mount  is  mounted  on 
railway  gun  car  Model  1918  MI. 

The  gun  used  is  an  8-inch  gun  which  was  formerly  in  use 
in  our  Seacoast  Fortifications.  The  8-inch  railway  mount. 
Model  1918  MI  is  practically  the  same  as  the  Model  1918, 
except  that  it  uses  an  8-inch  Navy  gun.  Data  applicable  to 
this  mount: 

Total  Weight 174,000  lbs. 

Length  of  Gun 35  calibers. 

Muzzle  Velocity 1950  and  2600  f  .s. 

Range— max.  elev.  42° 20,000  yds. 

Loading  angle 0  degrees. 

Weight  of  Projectile 200  lbs. 

Weight  of  Powder  Charge,  max._65  lbs. 
Traverse 360° 

10-INCH  Sliding  Railway  Mount,  Model  1919 

The  gun  used  on  this  mount  is  a  10-inch  gun  formerly  used 
in  our  Seacoast  Fortifications.  It  may  be  given  a  maximum 
elevation  of  56  degrees  on  this  mount.  The  carriage  is  the 
French  Schneider  or  glissement  type,  no  traverse  of  the  gun 
itself  being  provided  and  no  recoil  mechanism  being  employed. 
The  mount  consists  of  two  box  girders  rigidly  secured 
together  by  vertical  transoms  and  longitudinal  cover  plates. 
Two  sets  of  12-wheel  trucks  provided  with  hand  translating 
mechanism,  support  the  mount  This  mount  is  fired  from  an 
epi,  in  order  to  secure  changes  in  azimuth.  Wooden  sleepers 
on  the  under  side  of  the  mount  which  are  brought  into  contact 
with  supplemental  I-beam  rails  by  means  of  hand  cranks 
transmit  the  vertical  component  of  the  firing  load  to  the  road 
bed.  The  friction  of  the  wooden  sleepers  on  the  supplemental 
track  when  the  mount  moves  to  the  rear  in  firing,  absorbs 
the  horizontal  component  of  the  firing  load.  Data  applicable 
to  this  mount: 

Total  Weight 404,000  lbs. 

Length  of  Gun. . 34  calibers. 
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Muzzle  Velocity 2400  f.s... 

Range  45°  elev 28,000  yds. 

Loading  angle +3° 

Maximum  clev 56° 

Weight  of  Projectile 510  lbs. 

Weight  of  Powder  Charge 150  lbs. 

Traverse Fires  from  Epi. 


10-INCH  Slidins  Mount,   Modii.  IBIS  (Fmihoh  SchnEioer) 

12-INCH  Mortar  Railway  Mount,  Model  1918. 

This  mount  consists  of  a  Barbette  Carriage  with  hydraulic 
brake  and  hydro-pneumatic  recuperator  system.  This  re- 
cuperator is  practically  the  same  as  that  employed  by  the 
French  on  their  carriages.  The  carriage  is  capable  of  360 
degrees  traverse,  the  usual  type  of  racer,  base  ring  and  tra- 
versing rollers  being  employed.  The  gunner's  platform  of 
structural  steel  is  secured  to  the  side  frames  of  the  mount  and 
moves  in  traverse  with  the  racer.  The  car  used  with  this 
mount  is  the  Model  of  1918  MI  car  with  two  6-wheeI  trucks. 

The  gun  used  is  a  12-inch  Mortar  which  was  formerly  in 
use  in  our  Seacoast  Fortifications.    Data  applicable  to  mount.: 
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Total  Weight 177,000  lbs. 

Length  of  Mortar 10  calibers. 

Muzzle  Velocity 1500,  1070,  870,  745, 660  f.s. 

Range  45"  elev 15,300  yds. 

Loading  angle. —5°. 

Maximum  elev 65°. 

Weight  of  Projectile 700  lbs. 

Weight  of  Powder  Charge,  max.-65  lbs. 
Traverse 360°. 


.TIOH.     SHOWIHO    ■ 


Illustration  No.  6  shows  the  details  of  the  recuperator 
used  with  this  and  other  mounts  employing  this  type  of  counter 
recoil  system.  The  recuperator  consists  of  an  air  chamber  "a"; 
a  piston  and  its  packings  "b";  a  plunger  "c"  with  its  yoke 
"d"  and  pull-rods  "e".  The  piston  and  plunger  slide  in  the 
cylindrical  part  of  the  air  chamber.  The  piston  rod  has  a 
bearing  in  the  front  end  of  the  plunger  at  the  point  'T'.  At 
this  end  of  the  plunger  the  yoke  "d"  connects  it  with  the  pull- 
rods  "e",  which  in  turn  are  fastened  in  the  front  by  a  bracket 
"g",  and  in  the  rear  direct  to  the  sleigh  yokes  "h".  The  air 
chamber  "a"  is  a  hollow  cylindrical  forging  fitted  with  the 
special  water  tight  bronze  liner  "i".  The  plunger  "c",  of  the 
same  material  as  the  liner,  is  machined  to  take  the  piston  rod, 
liquid  and  stuffing  box.  The  liquid  in  the  plunger  is  a  mixture 
of  water  and  gylcerine.  Upon  recoil  the  plunger  and  piston 
move  to  the  rear  compressing  the  air  contained  in  the  air 
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chamber.    The  function  of  the  liquid  in  the  plunger  is  to  act 
as  a  seal  for  the  joint  between  the  piston  and  the  liner. 

The  air  chamber  is  charged  to  an  initial  pressure  of  1370 
pounds  per  square  inch  through  the  air  filling  valve.  The 
plunger  is  filled  with  liquid  through  the  liquid  filling  valve,  to 
an  initial  pressure  of  1500  pounds  per  square  inch,  or  at  a 
pressure  of  about  10  per  cent  greater  than  the  air  pressure  of 
the  recuperator.  The  compression  of  the  air  in  recoil  is  suffi- 
cient to  return  the  Mortar  into  battery.  In  recoil  the  final 
pressure  in  the  air  chamber  is  2260  pounds  per  square  inch 
and  that  on  the  plunger  side  is  2475  pounds  per  square  inch. 
The  air  cylinder  is  filled  through  flasks  charged  to  a  pressure 
of  3000  pounds  which  are  carried  with  the  mount  after  filling 
at  the  base.  A  liquid  pump  attached  to  the  mount  provides 
for  the  filling  of  the  plunger  with  Uquid. 

12-INCH  Railway  Mount,  Model  1918 
This  mount  is  the  French  BatignoUes  type.  The  gun  is 
a  12-inch  gun  which  was  formerly  in  our  Seacoast  Fortifica- 
tions, and  has  a  maximum  elevation  of  38  degrees  on  this 
mount.  The  cradle  for  the  gun  is  fitted  with  hydraulic  brake 
and  hydro-pneumatic  recuperator  system.  The  mount  is 
provided  with  a  top  carriage  in  which  rest  the  trunnions  of 
the  gun.  This  top  carriage  may  be  traversed  5  degrees  either 
side  of  normal.  The  top  carriage  is  supported  by  the  main 
girders  which  are  carried  on  two  sets  of  8-wheel  trucks.  A 
ground  platform  of  structural  steel  is  provided  for  use  in  firing. 
In  placing  the  mount  in  firing  position  it  is  run  over  the  ground 
platform  and  raised  by  means  of  wedges  until  the  load  is 
removed  from  the  trucks.  For  use  along  the  Seaboard  against 
moving  targets  where  a  large  traverse  is  very  desirable,  the 
mount  may  be  run  over  a  base  ring  and  racer  previously 
emplaced  and  quickly  prepared  for  firing.  The  mount  is  thus 
equally  adaptable  for  Seacoast  Defense  and  field  operations. 
Data  applicable  to  mount: 

Total  Weight 322,000  lbs. 

Length  of  Gun 35  calibers. 

Muzzle  Velocity 2600  f  .s. 

Range— max.  elev.  38** 30,000  yds. 

Loading  angle —5** 

Weight  of  Projectile 700  lbs. 

Weight  of  Powder  Charge 275  lbs. 

Traverse l(f. 
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12-INCH  Sliding  Railway  Mount,  Model  1918 
This  mount  ia  of  the  Schneider  or  glissement  type.  The 
gun  used  is  a  12-inch  50  caliber  rifle  and  has  a  maximum  eleva- 
tion of  40  degrees.  No  traverse  of  the  gun  itself  is  provided 
in  this  carriage.  In  order  to  secure  the  necessary  elevation 
without  interference  between  the  breech  of  the  gun  and  track, 
it  was  necessary  to  move  the  trunnions  some  distance  from 
the  center  of  gravity  toward  the  breech.  In  order  to  maintain 
the  balance  of  the  gun  a  counter  weight  is  secured  to  the 
breech  end. 


The  mount  itself  consists  of  two  box  girders  rigidly  secured 
together  by  vertical  transoms,  longitudinal  cover  plates  and 
diagonal  bracing.  The  girders  are  supported  by  forward  and 
rear  span  bolsters,  which  in  turn  connect  two  sets  of  special 
type  Awheel  trucks.  The  under  side  of  the  girders  is  provided 
with  wooden  sleepers  which  may  be  given  a  vertical  movement 
by  means  of  hand  operated  wedges. 

The  loading  arrangement  on  this  mount  is  of  the  gravity 
type.  It  consists  of  an  inclined  structural  run-way,  which 
carries  a  projectile  tray  mounted  on  small  wheels.    These 
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wheels  move  in  two  channel  beams  at  the  top  of  the  structural 
frame.  In  loading,  the  gun  is  depressed  to  —4  degrees  so 
that  its  axis  is  in  prolongation  of  the  axis  of  the  projectile  on 
the  tray.  The  tray  is  tripped  and  moves  down  the  inclined 
rails.  Upon  reaching  the  breech  face  a  hydraulic  buffer  on 
the  projectile  tray  receives  the  shock,  and  the  projectile  con- 
tinues to  its  seat  in  the  gun. 

Changes  in  azimuth  are  secured  by  means  of  moving  the 
mount  to  any  desired  position  on  the  epi.  In  placing  the  mount 
in  firing  position  the  wooden  sleepers  above  described,  are 
lowered  to  a  hand  tight  contact  with  a  supplemental  track. 
This  supplemental  track  consists  of  four  sets  of  I-beams  laid 
parallel  to  the  standard  railroad  track.  A  cross  section  of 
the  epi  shows  the  following  arrangement  of  tracks:  two  sets 
of  I-beam  track  placed  6  inches  on  the  inside  of  the  inner 
standard  rail  of  the  curve,  and  one  set  of  I-beam  track  on 
either  side  of  the  outside  standard  rail,  about  6  inches  there- 
from. 

These  mounts  are  provided  with  a  hand  translating  mechan- 
ism which  consists  of  a  crank  adapted  to  revolve  the  car  wheels 
through  a  system  of  gears,  sprockets,  and  chains.  A  gasoline 
winch  is  mounted  on  the  front  end  of  each  mount  for  the 
purpose  of  quickly  moving  it.  A  wire  cable,  made  fast  to 
rail  clamps  ahead  of  the  mount,  is  wound  up  on  the  drum  of 
the  winch  thus  translating  the  mount. 

The  vertical  component  of  the  firing  load  is  transmitted 
to  the  road  bed  through  the  wooden  sleepers  and  supplemental 
track;  the  horizontal  component  is  absorbed  by  the  friction 
produced  by  the  movement  of  the  wooden  sleepers  over  the 
supplemental  track  during  recoil  of  the  mount,  which  is 
from  four  to  six  feet. 

These  mounts  have  been  carried  over  railroads  in  this 
country  at  as  great  a  speed  as  forty  miles  per  hour. 

While  this  mount  has  no  traverse  in  itself,  it  is  very 
probable  that  experimental  firings  at  moving  targets,  will  prove 
that  it  may  effectively  be  used  for  defense  of  certain  of  our 
harbors  which  have  narrow  entrance  channels  which  restrict 
the  movement  of  a  ship.     Data  applicable  to  this  mount: 

Total  Weight  of  Mount 550,000  lbs. 

Length  of  Gun 50  calibers. 

Muzzle  Velocity 3200  ,2400,  1800  f.s. 

Range — max.  elev.  A(f 45,000  yds. 
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Loading  angle. —4°. 

Weight  of  Projectile. 700  lbs. 

Weight  of  Powder  Charge 305  lbs. 

Traverse Fires  from  an  Epi. 

14-INCH  Railway  Mount,  Model  E 
This  mount  was  designed  before  the  present  War  and  is  an 
experimental  type  of  360°  traverse  intended  primarily  for 
Seacoast  Defense.  The  mount  itself  consists  of  two  girders 
secured  together  by  vertical  transoms,  longitudinal  cover 
plates  and  diagonal  bracing.  The  cradle  for  the  gun  has  a 
hydraulic  brake  and  spring-return  counter  recoil  system. 
The  projectile  is  rammed  from  an  ordinary  shot  truck  which 
runs  OD  the  mount. 


This  mount  is  adapted  to  be  fired  as  a  glissement  type 
directly  from  the  standard  rails  of  an  epi  up  to  22  degrees 
elevation,  or  from  a  field  emplacement  to  30  degrees  elevation. 
In  firing  from  the  rails  steel  shoes  are  bolted  to  the  under  side 
of  the  girder  and  bear  on  the  rails.  No  traverse  is  secured 
a  this  method  of  firing. 
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The  field  emplacement,  by  means  of  which  360  degrees 
traverse  may  be  obtained  consists  of  a  cast  steel  base  plate, 
in  two  sections,  which  are  bolted  together.  It  is  prevented 
from  longitudinal  movement  by  steel  spades  driven  in  the 
ground  around  its  periphery.  The  top  surface  of  this  base 
plate  is  machined  to  provide  a  roller  path,  and  a  traversing 
rack  is  secured  to  its  inside  flange.  A  pinion  operated  by 
traversing  cranks  and  gears  engages  in  this  rack  and  provides 
for  traversing  the  mount.  Four  rollers  held  in  castings  are 
bolted  to  the  underside  of  the  girders  and  bear  on  the  roller 
path.  Three  cast  steel  segments  secured  together  by  through- 
pins  are  placed  concentric  with  the  base  plate  in  the  rear  of  the 
mount.  The  top  surface  of  these  castings  provides  a  plane 
surface  on  which  two  shoes,  secured  to  the  under  rear  side  of 
the  girders,  bear. 

The  shoes  are  fitted  with  hydraulic  buffers  which  absorb 
the  tilting  tendency  of  the  mount  in  firing.  These  three 
segments  provide  for  a  traverse  of  approximately  90  degrees 
and  by  shifting  them,  the  full  360  degrees  of  traverse  may  be 
obtained.  In  emplacing  this  mount  the  base  plate  and  seg- 
ment castings  are  put  in  place  on  a  bed  of  gravel  or  other 
ballast  by  means  of  a  locomotive  crane.  The  mount  is  then 
run  over  the  base  plate  and  lowered  by  means  of  hydraulic 
jacks  located  in  the  trucks  until  the  traversing  rollers  bear 
on  the  base  plate.  The  trucks  are  removed,  and  the  mount 
traversed  over  the  rear  segment  castings. 

This  mount  while  an  experimental  one  has  conclusively 
proved  the  feasibility  of  obtaining  all-round  fire  for  heavy 
Railway  Mounts,  thereby  making  them  equally  adapted  to 
Seacoast  and  Field  use.  Further,  it  proves  that  the  future 
r61e  of  the  Coast  Artillery  Corps  is  to  operate  not  only  along 
the  seaboard,  but  also  as  Railway  Artillery  with  the  Armies 
in  the  Field.     Data  applicable  to  this  mount: 

Total  Weight 437,000  lbs. 

Length  of  Gun 40  calibers. 

Muzzle  Velocity 2900  f .s. 

Range— max.  elev.  30° 32,000  yds. 

Loading  angle 0°. 

Weight  of  Projectile 1200  lbs. 

Weight  of  Powder  Charge 360  lbs. 

Traverse 360°. 
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14-INCH  Railway  Mount — Navy 

This  mount  is  the  design  of  the  Navy  Department  and 
carries  al 4-inch  50  caliber  rifle,  with  hydraulic  brake  and  spring 
return  counter  recoil  system.  The  mount  consists  essentially 
of  two  box  girders  with  a  top  carriage,  which  carries  the  gun 
and  may  be  traversed  2^  degrees  either  side  of  normal.  The 
girders  rest  on  front  and  rear  span  bolsters  which  connect 
two  sets  of  special  6-wheel  trucks.  A  cab  of  light  armor 
covers  the  entire  mount.  The  mount  is  adapted  to  be  fired 
on  its  trucks  between  angles  of  10  degrees  to  15  degrees  eleva- 
tion. Between  angles  of  15  and  45  degrees  it  is  necessary  to 
place  the  mount  over  a  pit  9  feet  in  depth,  and  to  provide  a 
platform  to  carry  the  weight  of  the  mount  when  it  is  jacked 
up  to  relieve  the  trucks  of  the  firing  load.  This  platform 
consists  of  timbers  and  structional  steel  placed  in  position  by  a 
locomotive  crane. 

It  appears  to  be  entirely  practicable  to  place  this  mount  on 
a  turn-table  to  secure  all-round  fire.  By  having  a  series  of 
these  turn-tables  at  various  strategic  points  along  the  coast, 
any  threatened  harbor  could  be  quickly  reinforced.  The 
mount  has  of  course  already  been  fired  in  field  service.  Data 
applicable  to  this  mount: 

Total  Weight 480,000  lbs. 

Length  of  gun 50  calibers. 

Muzzle  Velocity 2800  f .s. 

Range — max.  elev.  45° 40,000  yds. 

Loading  angle O*'. 

Weight  of  Projectile 1400  lbs. 

Weight  of  Powder  Charge 460  lbs. 

Traverse 5°. 

16-INCH  Howitzer  Railway  Mount,  Model  1918 

This  mount  is  of  the  girder  type  with  hydraulic  brake  and 
spring-return  counter  recoil  system.  The  trunnions  are  held 
in  steel  castings  which  are  secured  to  the  girders  of  the  mount. 
The  girders  are  of  the  box  type  secured  together  by  vertical 
transoms,  longitudinal  cover  plates  and  diagonal  cross 
bracing.  The  side  frames  above  mentioned  form  a  top  car- 
riage having  a  traverse  of  5  degrees  each  side  of  normal,  which 
is  effected  by  means  of  a  rack  segment  and  pinion.  The 
girder  is  supported  by  two  special  type  12-wheel  trucks. 

The  loading  arrangement  on  this  mount  is  the  gravity 
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type  and  consists  of  a  tray  which  spans  the  distance  between 
the  projectile  box  on  the  loading  platform  and  the  breech  of 
the  Howitzer.  In  loading,  the  Howitzer  is  depressed  to 
—8  degrees,  the  projectile  is  tripped  on  its  tray  and  slides  down 
the  inclined  tray  to  its  seat  in  the  Howitzer. 

This  mount  is  adapted  to  be  fired  on  its  trucks  without 
any  track  preparation  whatsoever  up  to  angles  of  elevation 
of  45  degrees.  In  firing  between  45  degrees  and  the  maximum 
elevation  of  65  degrees,  a  ground  platform  and  lifting  jacks 
are  used.     This  platform  consists  of  a  structure  of  timbers 
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which  are  set  down  in  the  ground  to  a  distance  of  about  4 
feet.  The  lifting  jacks  above  mentioned  rest  on  the  top  of 
these  timbers  and  lift  the  mount  so  that  the  firing  load  is 
taken  from  the  trucks.  In  addition,  two  outriggers  hinged 
on  the  underside  of  the  girders  are  lowered  to  bear  in  shoes 
which  rest  on  the  timber  platform.  These  outriggers  pre- 
vent the  movement  of  the  mount  to  the  rear  in  firing.  A 
small  section  of  the  track  must  be  removed  in  order  to  pre- 
vent interference  with  the  gun  when  it  recoils  in  firing. 

It  appears  to  be  entirely  practicable  to  secure  all-round 
fire  for  this  mount  by  means  of  a  base-ring  and  racer  emplaced 
on  a  concrete  foundation.     Data  applicable  to  this  mount: 
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Total  Weight  of  Mount. 313,000  lbs. 

Length  of  Howitzer 18  calibers. 

Muzzle  Velocity 1900,  1360,  1030,  850  f.s. 

Range— elev.  45" 23,000  yds. 

Loading  angle —8°. 

Max.  elev 65°. 

Weight  of  Projectile 1660  lbs. 

Weight  of  Powder  Charge 240  lbs. 

Traverse 10°. 
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16-iNCH  Howitzer  Railway  Mount,  Model  E 
This  mount  is  a  girder  type  with  hydraulic  brake  and 
spring-return  counter  recoil  system.  The  trunnions  are  car- 
ried in  steel -castings  bolted  to  the  girders  of  the  mount.  These 
girders  are  of  the  box  type  secured  together  in  the  same  man- 
ner as  described  for  the  16-inch  Howitzer  Railway  Mount, 
Model  1918.  The  Howitzer  itself  has  no  traverse  on  the 
girders.  The  loading  arrangement  on  this  mount  consists  of 
an  over  head  trolley  which  is  connected  with  a  similar  trolley 
from  the  ammunition  car.  The  projectile  is  picked  up  by 
shot  tongs  in  the  ammunition  car  and  run  over    the  trolley 
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to  the  breech  of  the  gun  where  it  is  rammed  to  its  seat.     The 
mount  is  carried  on  two  6-wheel  trucks. 

A  traverse  of  360  degrees  is  secured  by  means  of  special 
sets  of  trucks  and  a  base  ring,  consisting  of  two  cast  steel 
semi-circular  sections  which  are  bolted  together.  On  the  top 
of  the  base  ring  an  annular  flange  with  a  clip  surface  is  formed. 
On  either  side  of  this  annular  flange  and  concentric  therewith, 
a  light  rail  is  secured  to  the  base  plate.  These  rails  are  adapted 
to  receive  four  small  4-wheel  trucks.  Two  of  these  trucks, 
which  are  termed  radial  trucks,  are  bolted  to  the  under  side 
of  the  girders;  the  other  two,  called  traversing  trucks,  are 
placed  on  either  side  of  the  mount  at  right  angles  therewith, 
and  are  connected  to  the  radial  trucks  by  means  of  steel  con- 
necting rods.  The  wheels  of  the  traversing  trucks  may  be 
revolved  by  means  of  hand  cranks  and  gearing,  thus  pro- 
viding for  traversing  the  entire  mount.  Clips  on  the  radial 
trucks,  which  are  placed  under  the  mount,  engage  the  clipped 
surface  of  the  annular  flange  above  mentioned. 

In  preparing  this  mount  for  firing,  the  base  ring  is  emplaced 
and  the  mount  run  over  it  on  its  travelling  trucks.  The  mount 
is  then  jacked  up,  the  travelling  trucks  are  removed  and  the 
radial  trucks  are  bolted  to  the  girders.  The  mount  is  then 
lowered  to  the  circular  traversing  track.  The  two  traversing 
trucks  are  placed  on  the  track  and  connected  to  the  radial 
trucks  by  means  of  the  connecting  rods  above  described. 

This  mount  is  an  experimental  one,  and  was  designed  for 
Seacoast  Defense  and  not  for  use  Abroad.  It  is,  of  course, 
well  adapted  for  use  in  Field  operations. 

Armament-Train  Cars 

Three  types  of  standard  cars  have  been  developed  for  use 
with  railway  artillery.  The  illustration  No.  13  shows  the 
Ammunition  Car,  No.  14  the  Supply  Car,  and  No.  15  the 
Fire  Control  Car.  The  ammunition  car  is  fitted  with  racks 
for  projectiles  and  powder  cans.  A  differential  hoist  which 
runs  on  a  trolley,  conveys  the  projectiles  in  the  car  directly 
to  the  mounts  of  the  non-sliding  type.  In  the  case  of  the 
sliding  mounts,  the  ammunition  car  is  placed  at  some  distance 
in  the  rear  of  the  mount,  and  the  projectile  is  brought  up  by 
means  of  a  small  car,  or  transbordeur. 

The  Supply  Car  is  used  for  carrying  spare  parts,  tools,  etc., 
used  with  the  mount. 

The  Fire  Control  Car  is  fitted  with  desks,  lockers,  and  filing 
cabinets  for  maps  and  other  fire  control  data. 
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Narrow  Gauge  Equipment 
The  8-inch  railway  mount  and  12-inch  Mortar  Railway 
Mounts  may  be  placed  on  standard  narrow  gauge  trucks,  in 
order  that  they  may  be  advanced  over  track  which  is  easier 
to  lay  than  the  standard  broad  gauge  track.  For  this  purpose 
a  special  type  of  6-wheel  truck  has  been  developed.     Two 
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sets  of  these  trucks  connected  by  a  span  bolster,  are  placed 
under  each  end  of  the  car,  after  the  broad  gauge  trucks  have 
been  removed.  The  mount  may  be  fired  from  the  narrow 
gauge  track  on  its  firing  platform. 
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In  order  to  run  the  mount  over  narrow  gauge  tracks,  it  is 
necessary  to  remove  the  gun  from  its  cradle,  and  to  transport 
it  to  the  front  on  a  special  narrow  gauge  car  known  as  the  gun 
transport  car.  The  illustration  shows  the  method  of  removing 
the  gun  and  placing  it  on  the  Gun  Transport  Car  which  is 
shown  at  the  right  of  the  picture. 

As  speeds  as  great  as  fifteen  miles  per  hour  have  been 
attained  by  the  8-inch  Railway  Mount  over  narrow  gauge 
tracks,  it  is  considered  that  the  use  of  narrow  gauge  lines 
along  our  seaboard  will  greatly  assist  in  simplifying  the  Coast 
Defense  problem. 

The  type  of  sight  used  on  all  of  the  above  railway  mounts 
automatically  compensates  for  a  difference  of  level  of  the 
trunnions,  a  simple  set  of  linkages  keeping  the  tine  of  sight 
parallel  to  the  plane  of  fire  as  the  gun  is  elevated.  Therefore 
no  levelling  of  the  mount  is  necessary  in  putting  into  firing 
position. 
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ROLE  AND  ORGANIZATION  OF  TRENCH 

ARTILLERY.  * 


By  Colonel  Forrest  E.  Williford^  C.  A.  C,    Commandant  Trench 

Artillery  Center,  A.  E.  F. 


This  is  a  brief  outline  on  the  R61e  and  Organization  of  Trench 
Artillery.  There  is  nothing  occult  about  Railway  Artillery 
or  Field  Artillery,  and  there  is  nothing  occult  about  Trench 
Artillery,  so  it  will  not  take  long  to  outline  the  basic  principles 
involved  in  any  of  them. 

Types  and  Calibers 

Let  us  take  up  types  and  calibers.  In  the  first  place 
the  mortar,  with  the  catapult  as  an  ancestor,  is  the  oldest 
artillery  weapon  which  we  have.  In  our  enthusiasm  over  a 
newer  thing,  the  gun,  we  had  completely  neglected  the  mortar 
as  a  field  weapon  and  left  it  to  the  Germans  to  show  the  neces- 
sity for  it.  They  had  their  minenwerfers  ready  as  early  as 
1911  and  when  they  opened  up  with  them  in  late  1914,  the 
Allies  found  themselves  without  defense  against  them. 

Of  the  Allies,  the  French  seem  first  to  have  realized  the 
necessity  for  trench  artillery  and  developed,  in  turn,  the 
58  mm.  No.  1,  75  mm.,  old  150  mm.,  240  mm.  short,  58  mm. 
No.  2,  340  mm.,  240  mm.  long,  and  a  new  150  mm.  mortar. 
The  first  four  are  now  practically  obsolete  and  the  340  mm . , 
because  of  its  inherent  difficulties,  never  was  used  to  any 
extent. 

The  British  have  a  9.45-inch  mortar  very  similar  to  the 
French  240  mm.  long,  from  which  it  was  copied.  They  have 
also  done  some  developing  of  their  own  in  the  2-inch,  4-inch, 
3-inch  Stokes  and  6-inch  Newton.  The  first  two  are  now  little 
used  but  the  3-inch  Stokes  is  at  present  the  standard  infantry 
weapon  and  is  used  by  the  French,  Italians,  and  Americans,  as 
well  as  the  British.    The  6-inch  Sutton  and  11-inch  Sutton 
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mortars  were  designed  by  a  British  officer  at  the  request  of 
his  government  but  were  developed  by  the  U.  S.  government. 
We  considered  these  to  be  very  good  but  did  not  succeed  in 
getting  any  over  from  the  States. 

The  Italians  also  have  been  active  along  this  line.  Very 
recently  I  watched  tests  of  an  Italian  320  mm .  mortar  which 
could  be  made  into  a  190  mm.  by  putting  in  another  tube. 
They  so  designed  it  that  it  breaks  up  into  a  number  of  loads 
for  convenient  mountain  transport.  Also,  they  have  an 
ingenuous  adapter  for  their  little  65  mm.  mountain  gun 
whereby,  in  effect,  it  became  a  medium  trench  mortar  at  will. 

We  thought  that  the  Germans  weje  satisfied  with  the 
characteristically  German  weapon,  i.e.,  wheel  mounted,  rifled 
and  with  hydraulic  recoil  system,  but  in  late  1917  they  put 
out  a  flugelminenwerfer  which  is  a  very  close  copy  of  the 
French  240  mm.  long,  and  of  the  same  caliber.  I  suspicion 
that  one  reason  for  this  was  to  enable  them  to  utilize  ammuni- 
tion which  they  might  capture  in  an  advance. 

We  also  though  that  the  French  were  satisfied  with  the 
characteristically  French  weapons,  i.e.,  smooth  bore  and 
direct  thrust,  but  their  new  150  mm.  Fabry  mortar  is  very 
much  like  the  minenwerfer  except  that  it  is  a  smooth  bore. 

Unless  you  have  looked  into  this  subject  rather  thoroughly 
you  will  be  surprised  to  know  that  there  are  23  distinct  calibers 
and  types  of  trench  mortars.  There  are  variations  and 
modifications  of  these  so  that  on  the  Western  and  Southern 
fronts,  there  were  28  adopted  types  of  trench  mortars  used 
by  us  or  against  us.  Besides  these,  I  have  seen  experimental 
but  unadopted  mortars  which  brings  this  total  up  to  about 
50. 

Caliber. 

The  Calibers  go  all  the  way  from  58  mm.  to  400  mm.  A 
caliber  of  58  mm.  or  70  mm.  indicates  the  size  of  the  stem  of 
the  bomb  and  not  the  size  of  the  bomb  itself,  which  for  these 
calibers  is  sometimes  as  great  as  7  inches  in  diameter.  All 
other  calibers  are  for  the  bomb  as  well  as  for  the  mortar. 

Ranges 

Maximum  ranges  vary  from  about  550  meters  for  the 
large  D.L.S.  bomb  of  the  French  58  mm.  to  about  4500  for 
the  11-inch  Sutton  and  Italian  400  mm.  mortars.  The  most 
prevalent  range  is  about  1500  meters  for  medium  mortars 
and  3000  meters  for  heavy  mortars. 
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Rifling 

Some  are  rifled,  as  are  all  German  minenwerfer,  but  by 
far  the  greater  number  are  smooth-bored.  With  two  excep- 
tions, all  the  smooth-bored  mortars  use  bombs  having  a  system 
of  vanes  (Empennage,  the  French  call  it)  which  keeps  the 
axis  of  the  bomb  parallel  to  the  trajectory.  The  two  excep- 
tions mentioned  are  the  Italian  320  mm.  Samaia  mortar  and 
the  11-inch  Sutton  mortar.  In  both  of  these  cases  the  bombs 
are  ellipsoidal  and  tumble  in  flight  and,  contrary  to  the  expec- 
tations of  all  except  the  designers,  give  satisfactory  results. 
This  is  particularly  true  of  the  11-inch  Sutton  which  is  the 
most  accurate  mortar  in  existence  today,  but  this  is  due  to 
inherent  design  of  the  mortars  and  not  to  the  fact  that  its 
bomb  tumbles  in  flight. 

Recoil 

A  few  of  these  mortars,  such  as  the  German  Minenwerfer 
and  the  French  1918,  model  150  mm.  Fabry  mortar,  have 
recoil  systems,  but  all  others  are  direct-thrust  weapons, 
requiring  a  heavy  and  more  or  less  elaborate  platform  to  take 
the  shock  of  discharge. 

Transport 

The  Italian  400  mm.  may  be  transported  on  its  own  roller 
wheels  but  is  more  often  transported  on  railway  track  of  some 
kind.  The  Italian  320  mm.  may  be  transported  on  mules 
or  by  man  power  and  of  course  by  truck  or  railway.  The 
German  minenwerfer,  Austrian  225  mm.  and  French  150  mm. 
Fabry  have  metal  beds  with  attached  spades  and  are  trans- 
ported on  their  own  wheels,  the  removal  of  which  is  about  all 
there  is  to  do  in  preparing  the  mortar  itself  for  firing.  But 
all  others,  and  these  constitute  the  majority  of  the  types 
considered,  are  without  means  of  transport  integral  with  them- 
selves and  have  to  be  hauled  in  trucks  or  cars  or  carried  by 
man  power.  So  we  see  that  the  trench  mortar  of  this  war 
was  not  only  not  a  mobile  weapon  but  that  it  was  not  designed 
for  mobility. 

Weight  of  Mortar 

The  weights  of  the  mortars  complete  with  platform  and 
accessories  vary  from  108  lbs.  to  25,700  lbs. 

Weight  of  Bomb 

The  weights  of  the  bombs  vary  from  9.35  lbs.  for  the  3-inch 
Stokes  to  580  lbs.  for  the  Italian  400  mm.  mortar. 
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Weight  of  Explosive 

The  weights  of  the  explosive  in  the  bombs  vary  from  about 
2  lbs.  in  the  3-inch  Stokes  to  about  220  lbs.  in  the'  Italian  400 
mm.  mortar. 

Percentage  of  Explosive 

The  percentage  of  explosive  in  the  bomb  varies  from  about 
15  per  cent  in  the  76  mm.  minenwerfer  to  slightly  more  than 
50  per  ceni  in  the  French  240  mm.  mortar.  In  those  materiels 
which  we  consider  to  be  the  most  effective,  the  explosive  is 
rarely  less  than  40  per  cent  of  the  total  weight  of  the  bomb 
except  in  the  case  of  the  6-inch  Newton  in  which  it  is  20  per 
cent.  Its  mission  is  different  from  that  of  other  effective 
weapons,  but  I  shall  speak  of  that  later. 

Bomb  Filler 

In  a  large  number  of  the  calibers,  we  see  only  H.E.  used 
and  that  is  more  or  less  proper.  In  others  we  also  see  gas 
and  incendiary  bombs,  and  I  should  add  that  the  Germans 
first  and  the  French  second,  lead  in  this  utilization.  Strangely 
enough,  we  do  not  see  smoke  bombs,  but  they  will  undoubtedly 
come  very  soon. 

Fuses 

The  fuses  are  mostly  percussion,  both  instantaneous  and 
short  delay,  but  the  Italians  have  an  acid  fuse  providing  for 
as  much  as  a  twenty-four  hour  delay.  Their  idea  is  that  they 
can  use  their  guns  to  capacity  for  as  long  as  a  day  preceding 
the  real  attack  and  thus  put  over  twice  the  number  of  bombs 
that  the  enemy  will  put  over  with  the  same  number  of  guns. 
The  Germans  have  a  time  element  in  their  fuses  and  the  gain 
is  quite  evident,  particularly  for  H.E.  and  incendiary  bombs. 

Charges 

The  British  6-inch  Newton  has  the  propelling  charges  in 
bags,  and  this  is  one  of  the  criticisms  of  this  ammunition,  but 
the  great  majority  use  brass  cartridge  cases'.  The  Germans  do 
neither  but  have  a  cavity  in  the  base  of  the  bomb  which  car- 
ries the  propelling  charge.  This  has  the  advantage  not  only 
of  protecting  the  charge  from  the  weather  but,  more  important 
still,  of  having  the  entire  round  always  assembled  in  one  unit. 

These,  in  brief  outline,  are  the  saUent  characteristics  of 
trench  artillery  materiel  of  the  world  today.  I  have  here 
a  tabulation  of  data  on  the  more  important  ones  but  rather 
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than  read  it,  will  include  it  as  Inclosure  1  in  the  appendix.  I 
recommend  a  little  pamphlet  called  German  Artillery,  Part  II, 
Trench  Artillery,  to  anyone  who  may  be  sufficiently  interested 
to  pursue  the  subject  of  materiel  further. 

Mission 

Some  have  asked  "Why  have  Trench  Artillery  at  all?"  and 
while  they  stopped  with  the  question,  we  searched  for  the 
answer.  If  you  refer  to  trench  artillery  as  we  have  known  it 
in  this  war,  the  question  would  be  well  put,  and  if  you  refer 
to  the  French  58  mm.  No.  2,  the  weapon  from  which  a  great 
bulk  of  our  army  formed  its  opinion,  we  certainly  do  not  want 
trench  artillery.  Even  the  name,  I  find,  is  odious  to  some  who 
think  superficially,  or  not  at  all,  because  it  seems  to  imply 
trench  warfare  which  is  distasteful  to  all  of  us.  No  one  can 
avoid  the  fact  that  the  great  draw-back  for  trench  artillery 
in  this  war  was  its  lack  of  mobility  and  those  of  us  working  with  it 
bent  all  our  efforts  to  make  existing  available  materiel  mobile, 
the  results  of  which  I  will  later  describe. 

Let  us  assume,  for  the  moment,  that  mobile  trench  artillery 
(the  mobile  mortar,  if  you  will)  is  to  be  used  and  inquire  into 
its  mission. 

Defensive 

First,  the  defensive  from  a  stabilized  position.  Let  me 
add  that  a  War  Department  board  recently  asked  us  for  our 
recommendations  on  trench  artillery  for  the  future  and  in  our 
paper  we  classified  it  as  follows: 

Light,  as  exemplified  by  the  British  6-inch  Newton. 

Medium,  as  exemplified  by  the  French  240  mm. 

Heavy,  as  exemplified  by  the  Italian  400  mm. 
so  I  will  use  that  classification  here. 

The  fire  action  might  take  any  of  the  forms  which  we  know 
as: 

a.  Barrage. 

b.  Annihilating. 

c.  Destruction. 

d.  Harrassing. 

Barrage 

The  Hght  mortar  firing  8  to  10  bombs  per  minute,  each 
with  an  effective  radius  of  about  100  feet,  can  very  economi- 
cally put  down  an  effective  curtain  of  fire  through  which  no 
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troops  could  be  forced.  The  medium  mortar  is  not  appro- 
priate for  this  class  of  fire  except  in  the  very  rare  case  when 
you  can  anticipate  a  heavy  attack  at  a  certain  point  and  can 
concentrate  a  large  number  of  mortars  at  that  point  solely 
to  get  a  great  volume  of  fire.  The  slow  rate  of  fire  of  the 
heavy  mortar  makes  it  inappropriate  for  .this  work  regardless 
of  the  concentration  that  you  might  be  able  to  make. 

Annihilating  Fire  should  be  carried  out  by  all  kinds  of 
mortars  and  should  be  directed  against  those  points  where  the 
enemy  is  supposed  or  observed  to  be,  with  a  view  to  putting 
him  rapidly  and  decisively  out  of  action.  It  can  also  be 
used  against  defenses  when  the  latter  are  to  be  destroyed 
quickly.  The  moral  effect  is  especially  great  and  it  should 
be  delivered  in  bursts,  its  effect  being  derived  from  concen- 
tration and  rapidity  of  fire. 

Destructive  Fire,  i.e.,  deliberate  observed  fire,  should  be 
carried  out  by  all  classes  against  specially  important  single 
targets,  such  as  dugouts,  flanking  defenses,  observation  posts, 
machine  gun  and  mortar  positions,  important  sections  of 
trenches,  wire,  etc.  It  is  obvious  that  in  this,  the  light  weapon 
should  be  most  called  upon  for  such  light  work  as  wire  and  the 
heavy  weapon  for  such  heavy  work  as  deep  dugouts. 

Harrassing  Fire  may  be  carried  out  by  any  type  of  mortar 
under  specially  favorable  circumstances  to  interrupt  traffic 
and  hostile  activity  in  general.  With  the  old  immobile 
materiel  this  class  of  fire  was  rarely  justifiable  unless  we  were 
ready  and  willing  to  support  it  by  other  artillery  and  that 
condition  now  holds  to  a  certain  extent  with  the  heavy  mortar. 
The  truly  mobile  light  and  medium  mortars,  which  can  fire 
and  quickly  move  out,  are  good  for  this  without  support. 
If  the  medium  mortar  is  provided  with  a  caterpillar  mount  as  a 
travelling  and  firing  platform  as  we  have  recommended  it  will 
be  the  weapon  par  excellence  for  roving  harassing  fire. 

For  the  defensive  in  a  retreat,  the  heavy  mortar  will  have 
no  proper  function.  Heavy  destructions  which  at  other 
times  are  assigned  to  it  must  be  assigned  to  less  powerful  but 
longer  ranged  weapons. 

With  the  medium  and  light  mortars,  it  is  quite  another 
matter.  They  will  have  far  more  power  than  any  gun  of 
anything  like  equal  mobility  and  weight — such  in  fact  is 
one  of  the  very  strong  reasons  for  having  mortars. 

The  medium  mortar  on  its  caterpillar  mount  can  stay  near 
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the  enemy  machine  gun  range  limit  and  can  retreat  as  readily 
as  does  a  tank.  In  this  position,  it  should  fire  on  any  observed 
concentration  or  put  down  zone  fire  on  an  area  which  the 
enemy  has  certainly  occupied.  More  especially  still,  its 
target  should  be  any  accompanying  artillery.  From  its  posi- 
tion close  to  the  enemy,  it  <*an  know  when  our  troops  have 
left  a  certain  area  or  position  and  deliver  fire  on  the  enemy 
when  without  it,  the  enemy  would  not  receive  fire  for  the 
reason  that  more  distant  artillery  with  poorer  liaison  cannot 
risk  opening  fire  on  that  area. 

The  light  trench  artillery  being  right  with  the  infantry 
should  fire  on  any  concentration  of  men,  whether  they  be  artil- 
lerymen, machine  gunners,  riflemen  or  what. 

With  the  power  which  we  have  in  mind  for  the  light  and 
medium  mortars  and  with  the  fire  thus  quickly  put  down  on 
the  foremost  of  the  advancing  enemy,  he  will  have  to  be  far 
superior  in  order  to  maintain  his  advance.  In  any  event,  they 
will  gain  more  time  for  elements  farther  to  the  rear  and  will 
enable  those  elements  to  make  better  dispositions  and  take 
better  advantage  of  the  natural  features  of  the  ground. 

Offensive 

Let  us  next  consider  the  offensive  from  a  stabilized  posi- 
tion, in  reality  the  preparation  for  the  coming  offensive. 
This  does  not  differ  greatly  from  its  function  in  the  defensive 
from  a  stabilized  position  described  above. 

Raids  into  the  enemy's  lines  to  get  the  latest  information 
will  become  more  frequent  and  the  function  of  the  light  mortar 
is  to  make  the  necessary  destruction  in  the  first  line  and, 
above  all,  to  make  the  necessary  passages  in  the  wire  entangle- 
ments. 

For  the  "jump-ofT*  of  what  is  intended  for  a  large  offensive 
operation  the  trench  artillery  can  and  should  do  most,  if  not 
all,  of  the  destruction  of  accessory  defenses,  machine  gun  and 
mortar  emplacements,  for  instance,  the  levelling  of  the  first 
lines  and  the  cutting  of  the  wire.  All  types  of  mortars  are 
appropriate  for  this  work  and  should  be  used  intensively  on 
it  so  that  the  long  range  artillery  can  devote  its  time  and 
ammunition  to  distant  targets,  i.e.,  for  actual  destructions  at 
strategic  points,  or  to  render  passage  either  way  across  a 
certain  line  impracticable. 

Continuous  Offensive. 
Next  comes  the  continuous  offensive  and  the  accompani- 
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ment  of  infantry  in  open  warfare.  No  materiel,  either  field  or 
trench,  which  we  had  available  in  this  war,  could  do  it  properly. 
We  saw  this  need  as  early  as  the  March  offensive  and  at  the 
signing  of  the  armistice,  had  an  accompanying  mortar  equip- 
ment that  can  accompany  infantry. 

The  equipment  provides  for  a  reasonable  supply  of  bombs 
drawn  in  carts  to  go  along  with  the  mortars  also  drawn  on 
carts.  This  light  trench  artillery  should  be  with  the  infantry 
and  should  advance  with  it.  The  two  commanders  should  be 
together  in  person  or,  at  worst,  should  have  close  liaison  by 
runner.  When  the  infantry  is  checked  it  will  rarely  be  possible 
to  learn  the  exact  location  of  the  party,  machine  gun  nest, 
or  mortars  checking  it,  and  while  accurate  location  is  neces- 
sary if  a  field  gun  or  mountain  gun  with  their  small  projectile 
is  to  fire  at  it,  this  is  not  necessary  in  the  case  of  the  more 
powerful  bombs  of  light  trench  artillery.  In  every  case  a 
limited  zone  containing  the  hinderance  can  be  readily  located 
and  it  is  then  the  function  of  the  accompanying  light  trench 
artillery  to  sweep  this  zone,  the  infantry  to  continue  the 
advance  as  soon  as  the  enemy  is  well  under  the  mortar  fire 
and  to  rush  the  position  as  soon  as  the  mortar  fire  lifts.  This 
is  expensive  zone  fire,  you  may  say,  but  not  as  expensive  as 
you  may  think,  the  French  having  found  by  actual  experience 
against  the  Germans  on  the  Aisne  beginning  November  1, 
1918,  that  in  every  case,  60  bombs  suffices  and  that  a  smaller 
number  might  have  sufficed.  Nor  is  the  plan  here  outlined 
for  the  infantry  fanciful  because  it  too  has  been  successfully 
tried. 

The  prime  difficulty  for  any  accompanying  artillery  is 
ammunition  supply  but  we  have  provided  both  personnel  and 
appropriate  carriers  for  replenishment  for  this  light  weapon 
to  accompany  infantry. 

There  will  be  an  occasional  case  on  the  advance  when  a 
more  powerful  weapon  will  be  needed  to  reduce  a  position  and 
this  is  the  function  of  the  240  mm.  mortar,  or  what  may  be 
evolved  from  it,  on  the  caterpillar  mount.  I  should  add  that 
the  caterpillar  mount  has  not  yet  been  designed  but  we  today 
have  a  240  mm.  mount,  designed  at  the  Trench  Artillery 
Center,  which  not  only  can  but  which  should  be  used  as 
stated  above  for  the  caterpillar  mount. 

I  have  here  some  rather  interesting  reports  of  the  French 
upon  the  use  of  their  150  mm.  Fabry  mortar,  about  the  same 
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power  as  but  less  mobile  than  our  improved  6-inch  Newton, 
as  accompanying  artillery,  and  also  a  rather  recent  report  on 
how  the  Germans  propose  to  handle  the  trench  artillery 
question.  They  will  be  found  in  the  appendix  as  Inclosures 
2  and  3  respectively. 

Future  of  Trench  Artillery 

Let  us  say  a  few  words  on  the  future  of  trench  artillery. 

If  you  ask  me  what  the  future  is  I  will  have  to  say  that  I  do 

not  know  and  that  while  we  have  fully  developed  the  gun 

field,  we  have  almost  wholly  neglected  the  mortar  field.     It 

may  be  well  for  me  to  show  that  there  is  a  real  undeveloped 

mortar  field  and  to  do  that  I  will  make  use  of  that  old  familiar 

MV* 
energy  formula  E  =  -   — ^     For   a    fixed    amount   of   muzzle 

energy  I  have  plotted  the  velocity  against  the  mass  that  we 
may  use,  taking  unity  mass  at  a  velocity  of  3000  ft.  per  second, 
the  highest  velocity  that  the  U.  S.  uses  in  any  of  its  guns. 
When  we  come  down  to  2250  ft.  per  second,  a  very  prevalent 
gun  velocity  for  us,  we  are  allowed  a  mass  of  1.77,  a  77  per 
cent  increase.  Coming  on  down  we  have: 
Velocity      2000      mass    2.25 

1500        «        4.00  And    this   is   the   highest 

velocity  which  we  use  in 
mortars  today. 
1000        «        9.00 
«  800         «       14.00 

600         «      25.00 

550        «      29.71  And    this    is    the    lowest 

velocity  which  we  use  in 

mortars  today. 

Thus  we  see  that  with  the  energy  it  requires  for  a  gun  to 

start  a  one-pound  projectile  off  at  3000  feet  per  second  a  mortar 

can  start  a  29.7-pound  projectile  off  at  550  feet  per  second, 

these  being  the  limiting  velocities  which  the  U.  S.  uses. 

What  has  all  this  to  do  with  this  subject — ^just  this.  In 
firing  against  battleships  with  heavy  high  quality  armor  we 
must  have  a  certain  energy  if  we  wish  to  pierce  that  armor, 

and  by  reference  to  the  expression  — ^  we  see  that  we  can 

get  that  energy  more  advantageously  by  running  the  velocity 
up  within  reasonable  limit  than  by  running  the  mass  up.  So, 
with  this  class  of  targets,  this  alone,  without  numerous  other 
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considerations  involved,  justifies  the  gun  with  its  high  velocity 
and  relatively  low  mass  projectile.  But  in  land  warfare 
there  are  few  targets  which  require  armor-piercing  qualities 
in  the  projectile.  Necessarily  there  is  a  terminal  velocity  or 
the  projectile  would  not  arrive,  but  having  arrived  at  the 
target  that  terminal  velocity  is  the  least  valuable  property  of 
the  projectile  except  in  the  few  cases  where  penetration  is 
required.  Nor  is  the  mass  itself,  in  so  far  as  it  contributes  to 
the  remaining  energy  in  the  moving  projectile,  a  matter  of 
vital  importance.  The  mass  is  vitally  important  but  it  de- 
rives that  importance  because  upon  it  depends  the  amount  of 
metal  for  fragments,  high  explosive,  gas  compound,  smoke 
mixture,  or  incendiary  filler  which  we  can  put  into  activity 
in  the  immediate  vicinity  of  the  enemy  and  his  works.  There- 
fore we  see  that  in  a  majority  of  cases  we  want  mass,  and  not 
velocity,  in  the  arrived  projectile,  we  see  that  for  a  given 
expenditure  of  energy  we  can  greatly  increase  that  mass  by 
the  simple  expedient  of  a  minor  decrease  of  velocity,  and  we 
see  that  there  is  a  real  reason,  both  logical  and  scientific,  for 
the  mortar  as  opposed  to  the  gun. 

This  alone  justifies  at  least  the  through  study  of  the  mortar 
as  a  field  weapon  but  there  are  also  many  economic  and  tactical 
considerations  involved,  some  arguing  for  and  some  arguing 
against  the  mortar. 

Tactical 

Consider  the  tactical  requirements.  There  will  be  a 
limited  number  of  cases  when  the  projectile  must  have  pene- 
trating energy  in  order  to  destroy  some  strong  structure. 
There  will  be  a  great  many  cases  when  the  need  for  a  long 
range  is  paramount  to  all  other  considerations.  The  primary 
means  by  which  we  attain  these  qualities  is  by  using  a  high 
velocity  gun  and  in  order  to  get  the  high  velocity  in  these  cases 
we  are  justified  in  neglecting  and  over-rising  all  contradictory 
features.  But  do  you  now  think  of  another  case  when  we 
would  be  justified  in  thus  neglecting  all  other  features?  I 
do  not. 

On  the  other  hand  consider  the  cases  when  the  mortar  will 
do  the  work  equally  as  well  as  the  gun  and,  still  further,  the 
cases  when  the  mortar  can  and  the  gun  cannot  do  the  work. 
Consider  the  site  of  our  weapon  as  regards  defilade  and  cover 
in  woods  and  the  mortar  with  its  high  angle  of  departure  is 
favored,  but  to  offset  this  the  greater  range  of  the  gun  per- 
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mils  greater  flexibility  in  choice  of  site.  When  the  lines  are 
very  close  you  dare  not  use  a  gun  for  fear  of  firing  on  your 
own  men,  and  the  same  holds  for  a  poorly  defined  line  such  as 
we  always  have  in  a  war  of  movement.  When  the  target  is 
poorly  defined,  for  instance  a  machine  gun  nest  in  a  woods, 
it  is  folly  to  use  a  75  mm.  field  or  mountain  gun  and  hope  for 
a  direct  hit  if  you  have  some  such  mortar  as  the  6-inch  Newton 
to  economically,  surely  and  quickly  put  down  a  zone  fire  with 
more  effective  projectiles.  Also,  take  the  case  of  a  target  so 
completely  defiladed  that  no  gun  can  reach  it.  In  all  of  these 
cases  the  proximity  of  the  relatively  short  ranged  mortars  to 
the  infantry  gives  them  an  advantage  in  liaison  which  I  am 
certain  none  of  you  will  underestimate. 

Economic 

Economic  considerations,  and  by  this  I  do  not  mean 
merely  the  cost  in  dollars  and  cents,  naturally  com^s  after  the 
tactical  but  we  have  not  an  eternal  fountain  and  some  time 
we  may  have  to  think  of: 

1 .  Cost,  as  it  affects 

(a)  Liberty  Loans  which  the  people  will  stand. 

(b)  Taxes  that  all  of  us  will  pay  in  one  form  or  another. 

2.  Simplicity,  as  it  affects 

(a)  Quantity  of  metal  required. 

(b)  Quality  of  skilled  workmen  available. 

(c)  Quantity  of  skilled  workmen  required. 

(d)  Time  to  manufacture. 

3.  Weight,  as  it  affects 

(a)  Rail  tonnage. 

(b)  Water  tonnage. 

(c)  Mobility  and  availability  in  action. 

This  might  be  discussed  at  great  length,  and  all  in  favor 
of  the  mortar,  but  I  will  content  myself  by  saying  that  I 
I  have  collected  some  rather  surprising  data  comparing  the 
6-inch  Newton  Mobile  mortar,  the  75  mm.  field  gun,  155  mm. 
Howitzer,  155  mm.  gun  and  the  8  mm.  Hotchkiss  machine 
gun. 

Mobile  Mortar  to  Accompany  Infantry 
In  our  future  one  of  the  most  important  things  is  a  truly 
mobile  mortar  to  accompany  infantry,  one  which  we  class  as 
the  light  mortar.  So  far  no  nation  has  produced  one  which  is 
wholly  appropriate  and  this  has  led  us  to  look  into  the  require- 
ments as  regards: 
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1.  Range. 

2.  Weight  of  weapon. 

3.  Weight  and  type  of  bomb. 

4.  Features  contributing  to  certainty  of  action  and  con- 

venience of  service. 

5.  The  best  organization  for  development  and  tactical 

use. 

6.  The  co-ordination  of  its  materiel  with  that  of  other 

branches. 

In  the  design  of  any  gun  it  is  necessary  to  strike  a  balance 
between  the  conflicting  factors  of  range,  mobility,  and  power 
and  the  weapon  which  possesses  these  three  features  in  the 
highest  degree  is  the  most  efficient  one.  Thus  in  determining 
the  accompanying  mortar  it  is  necessary  to  provide  for  suffi- 
cient range  and  power  within  the  weight  limit. 

As  the  direct  fire  gun  is  the  proper  weapon  for  flat  open 
country  so  is  the  mortar  the  weapon  for  rugged  and  wooded 
country  and  the  original  definition  and  conception  of  a  trench 
mortar  might  well  be  changed  to  a  "weapon  designed  to  throw 
a  bomb  containing  a  large  explosive  charge  from  a  position 
with  high  angle  defilade  against  a  target  similarly  defiladed." 

The  tactics  of  an  army  are  determined  by  the  terrain  in 
which  it  is  operating,  and  so  is  the  range  of  the  weapons  em- 
ployed. A  flat  open  country  is  adaptable  for  the  quick  move- 
ment of  large  bodies  of  troops  and  give  little  aid  for  resistance 
but  do  not  permit  large  troop  movements  and  therefore  is 
not  the  place  where  decisive  battles  are  fought.  The  most 
stubborn  resistance  of  the  enemy  is  to  be  overcome  in  country 
of  moderate  roughness  where  tactical  necessity  demands  that 
the  fighting  take  place  from  ridge  to  ridge,  so  that  the  main 
strength  of  the  armies  will  be  behind  opposing  ridges.  A 
mortar  must  then  have  a  minimum  range  that  will  permit  it 
to  take  cover  behind  one  ridge  and  to  fire  upon  targets  on  the 
next  ridge.  Examination  of  maps  of  a  number  of  sections  of 
country  which  is  moderately  rugged  shows  that  the  average 
distance  between  ridges  is  from  one  mile  to  one  and  one-half 
miles  and  so  we  see  that  a  range  of  about  3500  yards  is  required 
for  our  mobile  accompanying  mortar  if  it  is  to  take  part  in  the 
greatest  number  of  actions. 

For  this  accompanying  artillery  to  be  of  greatest  value  in 
support  of  infantry  it  must  be  capable  of  going  anywhere 
that  infantry  can  go  and  at  the  same  speed  as  the  infantry. 
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and  to  accomplish  this  the  weight  will  be  limited  to  the  fol- 
lowing fundamentals: 

1.  The  maximum  weight  which  the  average  man  can  con- 

veniently lift  is  100  pounds. 

2.  The  maximum  weight  a  man  can  conveniently  carry 

over  rough  country  is  75  pounds. 

3.  The  maximum  weight  a  man  can  haul  on  a  pneumatic 

tired  ball-bearing  cart  over  rough  country  is  about 
130  pounds  (From  experiment  at  Trench  Artillery 
Center) . 

4.  The  maximum  number  of  men  that  can  convenienty 

carry  any  one  pice  on  a  steep  slope  is  4. 

5.  The  most  convenient  unit  of  men,  8. 

It  is  presumed  that  the  mortar  and  ammunition  will  be 
carried  as  far  forward  as  possible  by  motor  truck,  and  from 
there  on  by  hand  carts  handled  by  men.  If  the  country 
becomes  too  rough  for  carts  then  of  course  the  men  must 
carry  the  mortar  and  ammunition.  The  weight  thus  becomes 
limited,  about  600  pounds  for  the  mortar  and  200  pounds  for 
the  cart  or  means  of  transportation.  The  weight  of  any  one 
piece  must  not  exceed  300  pounds  and  the  bulkiest  piece  must 
be  of  such  shape  that  it  can  be  carried  by  four  handles.  There 
are  few  places  that  the  hand  cart  cannot  be  taken  and  the 
total  weight  could  be  made  as  high  as  1000  pounds,  though 
it  would  be  far  better  to  limit  this  weight  to  800  pounds. 

As  a  feature  of  mobility  also,  the  mortar  should  be  capable 
of  being  quickly  and  easily  assembled  under  conditions  of 
darkness,  wet,  and  mud,  and  there  should  be  no  small  or  loose 
parts  to  become  lost. 

The  power  which  the  mortar  must  have  will  depend  upon 
the  class  of  targets  against  which  it  is  to  be  used.  Those,  in 
the  main,  will  consist  of: 

1.  Concealed    machine   gunners,    trench   artillerymen  or 

automatic  riflemen  without  shelter. 

2.  Same  in  shell  holes  or  light  shelter. 

3.  Machine  gunners  in  concrete  shelters. 

For  use  against  troops  in  the  open  the  cast  iron  bomb 
with  instantaneous  fuse  will  be  most  useful. 

With  targets  of  the  second  ^nd  third  classes  and  actual 
destruction  of  the  shelter  would  in  most  cases  require  too 
much  time.  This  is  not  necessary,  however,  and  the  advisable 
course  is  to  make  the  zone  untenable,  a  condition  which  is 
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easily  obtainable  with  one  or  another  of  the  H.E.,  gas  or 
incendiary  bombs,  according  to  circumstances.  Smoke  bombs 
too  are  needed  for  cases  where  the  enemy  must  be  blinded, 
such,  for  instance,  as  when  knowledge  of  his  location  is  too 
indefinite  to  justify  zone  fire. 

Based  upon  the  statement  that  a  fragment  weighing  .66 
ounce  (.024  lb.)  with  a  velocity  of  580  ft.  per  second,  will 
kill  a  man  and  the  fact  that  there  might  be  474  human  targets 
in  a  circle  whose  radius  is  100  feet  (the  effective  radius  of 
the  6-inch  Newton  bomb)  we  see  that  we  need  11.376  pounds 
of  metal. 

Based  upon  thorough  analysis,  of  which  the  above  is  the 
briefest  outline,  and  with  a  view  to  ascertaining  how  to  modify 
our  present  6-inch  Newton  mortar,  in  order  to  get  the  best 
accompanying  mortar,  we  are  led  to  the  following  salient  con- 
clusion about  our  light  mortar: 

1.  3500  yards  range. 

2.  35  to  40  pound  bomb. 

3.  10  to  12  pound  H.E.  Capacity  in  bomb. 

4.  Smoke,  gas  and  incendiary  fillers  also. 

5.  Total  weight  of  complete  mortar  about  800  pounds. 

6.  No  part  to  weigh  more  than  300  pounds. 

7.  Steel  bed  with  spades. 

8.  Transported  on  light  carts. 

We  have  no  other  weapon  which  is  in  any  way  suitable  to 
accompanyipg  infantry  so  we  can  inquire  into  the  proper  kind 
of  weapon  for  light  trench  artillery  with  little  reference  to 
other  artillery.  By  an  analysis  similar  to  the  above  we  also 
ascertain  the  desirable  features  for  the  medium  and  heavy 
trench  artillery  recommended,  but  they  cannot  be  considered 
apart  from  the  other  artillery  which  an  army  should  have, 
and  this  latter  is  wholly  outside  the  province  of  this  con- 
ference. 

Organization 

Just  another  word  and  that  about  organization.  As  you 
know,  we  started  out  with  a  battery  of  what  we  now  term 
light  trench  artillery  per  division  and  a  battalion  of  four  bat- 
teries of  what  we  now  term  medium  trench  artillery  per  corps. 
This  organization  was  unsuitable  from  every  point  of  view 
and  regimental  organization  was  even  more  necessary  than 
for   other   arms   already   well   established.     My   first   paper 
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attempting  to  get  a  regimental  organization  was  dated  Feb.  8, 
1918,  and  it  took  until  Nov.  10,  1918,  to  convince  the  proper 
authorities,  for  it  was  on  that  date  that  a  cable  was  sent  to 
the  U.  S.  recommending  regimental  organization.  The  fact 
that  our  own  General  Staff  here  was  convinced  relieves  me 
of  the  necessity  of  telling  about,  and  you  of  the  necessity  of 
listening  to,  the  details  of  why  that  organization  is  essential, 
for  I  assure  you  that  there  was  strong  opposition  and  the 
General  Staff  had  to  be  shown. 

And  then  the  Germans  signed  the  armistice  the  next  day. 

Conclusion 

In  conclusion  let  me  say  that: 

1.  We  need  a  Center  for  Trench  Artillery. 

2.  We  need  regimental  organizations. 

3.  We  need  a  light  truly  mobile  weapon  to  accompany 

infantry. 

And  we  neeji  many  other  things  for  all  of  which  we  trench 
artillerymen  bent  every  effort.  These  points  were  important 
and  they  are  important  still,  but  back  of  these  three  are  two 
associated  facts  which  are  far  more  important  not  only  because 
they  are  basic,  but  also  because  they  affect  the  whole  artillery, 
the  whole  army,  and  the  whole  nation  even.    These  facts  are: 

1.  We  have  very  fully  and  ably  developed  the  gun  and 

have  exploited  it  at  least  as  far  as  we  are  justified. 

2.  We  have  almost  wholly  neglected  the  possibilities  of 

the  mortar  as  a  field  weapon. 

Officers  of  your  present  rank,  perhaps  many  in  this  room, 
will  be  our  higher  commanders  in  our  next  war  and  will  have 
the  attending  responsibilities.  Further,  it  is  well  within 
limits  to  say  that  your  part  of  the  responsibilities  for  a  proper 
armament  exists  even  now,  all  this  apart  from  personal  interest 
in  the  manner  in  which  the  people  back  home  hate  a  war  loser. 

We  shall  feel  fully  repaid  for  all  our  work  along  this  line 
if  our  suggestions  to  you  and  others  ultimately  result  in  a 
thorough  study  of  the  mortar  as  a  field  weapon  because  we 
believe  that  that  study  will  result  in  field  mortars  and  there- 
fore in  a  greatly  improved  and  better  balanced  artillery  for 
our  army. 
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APPENDIX     I 


Data  on  Principal  Mortars 

IN  Use  in 

Europe 

Calibers  and 
Type 

Armies  in 
which  used 

Bombs 
lbs 

Explosives 
lbs 

Maximum 

Range 

yds. 

Weight 
to  trans- 
port lbs 

3-in.  Stokes 

U.S. 
G.B. 
Italy 

9.35 

2.09 

7.95 

108 

76  mm.  (Old  Model) 
Light  Minenwerfer 
2.99-in. 

Germany 

H.E.   10.06 
Gas      9.68 

H.E.     1.45 

H.E.    1148 
Gas      1148 

220 

76mm.  (New  Model) 
Light  Minenwerfer 
2.99-in. 

Germany 

H.E.  10.06 
Gas      9.68 

H.E.  145 

H.E.    1422 
Gas      1203 
Message 

1422 

312 

76mm.  (New  Model) 
Light  Minenwerfer 
Flat      Trajectory 
carriage 

Germany 

H.E.   10.06 

H.E.  145 

995 

550 

58  mm.  No.  2 
French 

U.S. 
France 
Belgium 

L.S.         37 
D.L.S.     77 
A.L.S.     37 

L.S.         12 
D.L.S.     22 
A.L.S.      12 

L.S.     1360 
D.L.S.  490 
A.L.S. 1526 

1879 

58  mm.  Italian 

Italy 

16  Kg.     36 
29  Kg.  63.8 
45  Kg.     99 

16  Kg.  13.2 
29  Kg.     11 
45  Kg.  24.2 

16  Kg.  720 
29  Kg.  817 
45  Kg.  485 

981 

70  mm.  Van  Duren 

lUly 
Belgium 

19  Kg.    42 
35  Kg.     77 

19  Kg.  132 
35  Kg.     37 

19  Kg.  926 
35  Kg.  436 

761 

6-in.  Newton 

U.S. 
G.B. 

50 

10 

1800 

829 

6-in.  Newton 
(MobUe) 

Model  1918 

U.S. 

50 

50 

1800 

With 
handcart 

and 
accessor- 
ies   688 

150  nmi.  Fabry 

France 

37 

12 

2180 

1500 

17.5  cm.  Old  Model 
Medium  Minen- 
werfer 6.69-in. 

Germany 

H.E.      121 
Incendiary 
82 
Gas      92.4 

H.E.        23 

H.E.    1295 
Gas      1750 
Incendiary 
1126 

1064 
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Data  on  Principal  Mortars  in  Use  in  Eitrope  (Continued) 


Calibers  and 
Type 

Armies  in 
which  used 

Bombs 
lbs 

Explosives 
lbs 

Maximum 

Range 

yds. 

Weight 
to  trans- 
port lbs 

17.5  cm.  New  Model 
Medimn  minenwer- 
fer 

Germany 

H.E.  13 

121 
K.E.  16 

108 
Gas     92.4 
Inc.         82 

H.E.  13 

23 

H.E.  16  26 

H.E.  13 

1011 
H.E.  16 

1268 
Gas      1750 
Incendiary 

1126 

1232 

225  mm.  Austrain 
Trench  Mortars 

Austria 

Short     143 
Long      167 

Short    26.4 
Long       48 

Short  1365 
Long     708 

800 
(Esti- 
mated) 

9.45  cm.  British 
Trench  Mortar 

G.B. 

152 

75 
(Esti- 
mated) 

2400 

3400 

240  mm.  French 

U.S. 
France 

183 

90 

2240 

7700 

240  mm.  Italian 

Italy 

147 

57 

4120 

24  cm.  Heavy  Flug- 
el-Minenwerfer, 
Long  Barrel 
9.45-in. 

Germany 

H.E.      220 

H.E.     92.6 

2625 

24.5  cm.  Old  Model 
Heavy  Minenwer- 
fer  9.8-in. 

Germany 

Short     139 
Long     209 
Gas     129.8 

Short    57.2 
I/>ng      101 
Gas      50.6 

Short     992 
Long     612 
Gas      1696 

1362 

24.5  cm.  New  Model 
Heavy    Minenwer- 
fer  9.8-in. 

Germany 

Short     139 
Long     209 

Short    57.2 
Long     101 

1060 

1693 

292  mm.  Austrian 
Trench  Mortar 

Austria 

110 

28.6 

360 

264 

320  mm.  Samia 
Trench  Mortar 

Italy 

130 

77 

1526 

1980 

390  mm.  Austrian 

Austria 

213 

79 

360 

319 

400  nun.  Italian 

Italy 

580 

220 

4470 

25.689 
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APPENDIX  II 

REPORTS  ON  150  mm. 
MORTARS  AS  ACCOMPANYING  ARTILLERY 

The  report  herewith  inclosed  on  the  use  made  by  the  4th 
Army  of  the  1st  Groupment  of  the Trench  Artillery  regi- 
ment in  the  offensive  operations  of  November  1-3  and  in  the 
detailed  operations  which  preceded  it,  is  forwarded  to  the 

General  Commanding This  report  was  compiled 

by of  the  staff  of  the Division 

on  his  return  from  being  attached  to  the Army. 

This  groupment  had  been  specially  trained  at  Bar-sur- 
Seine  for  the  War  of  Movement.  G.H.Q.  had  given  instruc- 
tions to  the  group  of  armies  of  the  center  that  it  should  be 
used  in  a  similar  manner  to  the  way  it  had  been  instructed. 
Nevertheless,  of  the  4  groups  engaged  two  only  were  effectively 
used  from  the  1st  to  the  3rd  of  November  as  heavy  accom- 
panying artillery  and  the  two  other  groups  took  part  only  in 
small  operations,  the  rapid  retreat  of  the  enemy  having  made 
unnecessary  the  use  of  the  infantry  divisions  to  which  they 
were  attached. 

As  had  been  forseen  the  results  obtained  were  very  con- 
clusive . 

The  different  objectives  upon  which  the  150  mortars  fired 
were  without  exception  completely  and  rapidly  destroyed 
and  the  infantry  was  able  to  go  forward  without  difficulty. 

These  results  are  due  to  the  characteristics  of  the  trench 
artillery  employed. 

1st — Great  accuracy  and  strength  of  the  Model  1917 
mortars;  the  great  material  and  moral  effect  of  its  projectiles 
although  its  weight  (17  kilograms)  is  2)  times  less  than  that 
of  the  150  short. 

2d — ^The  great  facility  of  handling  a  battery  of  150.  The 
guns  and  the  O.P.  are  always  very  near  together  and  com- 
munication is  thereby  rendered  easy. 

3rd — Great  mobility  of  the  150  whose  carts  can  go  any- 
where that  a  machine  gun  cart  can  go. 

4th — Intimate  co-operation  between  the  infantry  and  trench 
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artillery  resulting  from  the  ease  with  which  liaison  is  main- 
tained between  them  on  the  ground. 

The  action  of  the  trench  artillery  diminished  the  losses 
of  the  infantry  and  raised  the  morale  without  any  doubt, 
and  the  losses  of  the  trench  artillery  during  its  accompanying 
action  proper  were  rather  small  (half  of  the  losses  were  due 
to  one  unlucky  shot;  a  shell  hitting  a  box  of  grenades  and 
disabling  30  men). 

The  trench  artillery  was  wisely  employed;  it  was  not  con- 
sidered as  an  infantry  gun  but  as  real  accompanying  artillery 
and  the  greatest  initiative  was  left  to  the  group  commander. 

Some  important  lessons  can  be  learned  from  this  first  trial. 

1st — ^The  accompanying  unit  should  be  the  four  piece 
battery  which  alone  is  both  mobile  and  powerful. 

2d — ^The  sections  armed  with  infantry  weapons  have  been 
of  great  use  in  protecting  the  batteries  and  assisting  in  their 
movements. 

3rd — The  cart  of  the  150  has  proved  to  be  much  superior 
to  that  of  the  50  which  is  too  heavy  and  too  cumbersome. 

The  ammunition  supply  of  the  group  should  be  improved 
either  by  means  of  caterpillars  or  by  an  increase  in  the  number 
of  horses.  It  should  be  remarked  that  the  transportation  of 
100  or  120  -  150  mm.  bombs,  which  is  about  the  capacity  of  a 
75  mm.  caisson,  can  be  effected  by  only  6  horses. 

The  new  method  of  using  trench  artillery  has  proved  its 
worth.  If  the  hostilities  keep  on  the  use  of  Trench  Artillery 
should  be  more  general  and  the  infantry  should  be  made 
acquainted  with  its  capabilities.  The  term  'Trench  Artillery" 
should  disappear  and  in  its  place  should  be  substituted 
"Acompanying  Artillery"  or  "Exploitation  Artillery";  both 
these  latter  names  fit  closer  the  new  role  which  the  Trench 
Artillery  is  called  upon  to  play  under  present  conditions. 

If  the  groups  had  had  better  facilities  at  their  disposal 
and  if  there  had  been  caterpillars  for  their  ammunition  supply 
the  results  would  have  been  still  more  satisfactory;  those 
obtained  are  excellent  at  least  according  to  the  opinions  of  the 
battalion  commanders  of  the  86th  and  408th  Infantry  Regi- 
ments. 

Report  on  the  use  of  the  Groups  of Regiment  of 

Trench   Artillery   placed   at  the  disposal  of 

THE Army 

Four  groups  of  the Regiment  took  part  in  the  attack 
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of  the  1st  of  November  and  in  the  advance  which  followed  it. 

A  detailed  report  shows  what  use  was  made  of  the  4th  and 
5th  groups  in  the  Division  on  the  south  (axis  of  attack — 
south-north).  Its  use  was  very  limited  for  the  progress  of 
the  infantry  depended  only  on  the  forseen  retreat  of  the  enemy. 

Two  groups  (2nd  and  3rd)  occupied  a  sector  of  Vouziers 
and  were  to  take  part  in  the  infantry  advance  (axis  of  attack — 
west-east) . 

On  the  5th  of  November  the  third  group  continued  its 
advance;  it  was  in  the  region  of  Chatillon-sur-Bar  and  the 
detailed  report  of  its  operations  had  not  been  finished. 

The  report  of  the  operations  of  the  2nd  group  is  attached 
to  the  folder. 

Conclusions 

The  use  of  the  2nd  group  in  particular  conformed  abso- 
lutely to  the  principles  laid  down  in  spite  of  the  great  diffi- 
culties of  the  ground,  little  time  left  to  the  group  commander 
to  make  his  plans,  and  the  inevitable  difficulties  of  a  first  trial 
the  trench  artillery  gave  its  assistance  very  efficiently  so  and 
in  such  manner  as  to  provoke  general  enthusiasm  from  the 
infantry  (408  and  86th  divisions). 

The  small  number  of  bombs  at  the  disposal  of  the  4th 
Army  prevented  the  trench  artillery  from  taking  part  in  the 
preparation  for  the  attack.  This  is  a  serious  mistake;  it 
should  take  an  important  part  in  this. 

The  artillery  preparation  during  the  present  operations 
near  our  infantry  especially  as  the  positions  of  our  first  lines 
is  often  badly  known. 

At  all  events  it  is  certain  that  the  ground  immediately  in 
front  of  our  infantry  is  fired  on  very  little  or  not  at  all. 

If  any  defenders  remain  there  they  are  able  to  hold  up  the 
attack. 

This  is  what  happened  to  the Corps  in  the  sector  of  thj 

Division  and  especially  in  that  of  the Division  in 

front  of  Chcstres.  (In  the  woods  500  meters  east  of  Chestres 
the  enemy  had  organized  very  strong  center  of  resistance 
which  stopped  our  advance.  It  can  be  stated  that  no  shot 
fell  on  these  defenses).  On  the  contrary  the  trench  artillery, 
if  it  arrives  two  or  three  days  before  the  preparation  can 
easily  fire  very  closely  in  front  of  the  infantry  being  along  side 
the  latter  and  having  complete  knowledge  of  the  ground  and  of 
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the  position  of  our  lines.  (No  abnormal  short  has  been  noticed 
with  the  150  mm.). 

To  sum  up,  the  trench  artillery  can  be  used  to  fire  on  the 
zone  immediately  in  front  of  our  line  of  departure  up  to  500 
or  600  meters  ahead  of  our  infantry. 

It  may  be  estimated  that  2500  bombs  for  a  division  front 
will  be  sufficient  for  this  mission. 

During  the  Advance  the  trench  artillery  is  the  only  artillery 
which,  having  been  able  to  cross  the  Aisne  during  the  first  2 
days,  gave  efficient  support  to  the  infantry  (communication 
with  the  left  bank  of  the  Aisne  was  almost  continually  inter- 
rupted). 

Each  battery  had  its  zone  of  action  (Italian  Front)  this 
zone  was  made  necessary  on  account  of  the  nature  of  the  ground 
which  was  wooded  and  hilly.  The  group  commander  retained 
throughout  his  own  initiative  and  if  necessary  was  able  to 
concentrate  all  his  batteries  on  the  same  objective. 

The  axis  of  advance  and  of  liaison  were  the  same ;  they  had 
been  established  in  advance  and  battery  positions  as  well 
with  the  aid  of  plan  Directcurs  and  Aerial  Photographs. 

The  order  to  fire  was  given  by  the  battery  commander 
after  consultation  with  the  battalion  commander.  The  Dura- 
Hon  of  the  Fire  alone  was  indicated  to  the  infantry  by  the  bat- 
tery commander  who  regulated  his  ammunition  expenditure 
according  to  the  importance  of  the  objective. 

In  most  cases  10  to  15  minutes  firing  was  sufficient;  the 
infantry  moved  forward  as  soon  as  the  fire  had  lasted  the  time 
fixed  upon  and  captured  the  objective. 

All  the  missions  which  presented  themselves  were  filled  by 
the  firing  of  a  very  small  number  of  bombs  (40  to  80).  There 
were  no  group  objectives;  only  battery  objectives. 

The  batteries  as  they  were  organized  were  obliged  to  stop 
after  3  days  advance.  1  group  for  each  2  battalions  engaged 
in  the  attack  would  be  necessary  to  assure  the  relief  of  the 
personnel  and  to  keep  1  or  2  units  in  reserve.  These  units 
would  be  engaged  in  the  most  favorable  sectors,  particularly 
those  where  the  advance  is  the  most  rapid,  that  is  to  say  where 
the  units  engaged  most  quickly  become  tired  out. 

The  most  important  difficulty  which  remains  to  be  solved 
is  that  of  the  supply  of  ammunition. 

The  materiel  on  the  other  hand  is  quite  easily  transported 
and  has  given  entire  satisfaction. 
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Note  on  Fabry  Trench  Artillery 

The  150  Fabry  Materiel  is  particularly  well  suited  for  the 
accompaniment  of  Infantry  in  wooded  country.  Its  ammuni- 
tion must  not  be  used  up  by  making  it  take  part  in  the  artillery 
preparation. 

A  group  of  Fabry  Trench  Mortars  consists  of  three  bat- 
teries. 

A  battery  in  the  field  consists  of  four  pieces — (8  small 
carts  and  6  ammunition  carts  each  carrying  twenty  bombs). 

The  battery  is  provided  with  a  machine  gun  section  (6 
carts). 

The  horse-drawn  carts  can  go  anywhere  that  the  machine 
gun  carts  can  go. 

The  missions  of  the  Fabry  Trench  Mortars  are  as  follows: 

1.  To  assist  the  infantry  in  reducing  local  resistance, 
strong  points,  machine  gun  nests,  woods,  villages,  etc. 

2.  To  fire  on  enemy  troops  who  are  being  assembled,  in 
a  ravine  or  under  the  shelter  of  a  counter-slope  for  a  counter- 
attack. 

The  commander  of  the  Trench  Artillery  group  remains  with 
the  commander  of  the  Infantry  Division,  or  keeps  close  liaison 
with  him. 

One  battery  acts  with  each  battalion.  The  battery  com- 
mander keeps  with  the  battalion  commander  but  is  not  under 
his  orders.     The  latter  makes  known  the  infantry's  needs. 

The  Trench  Artillery  can  protect  the  infantry  by  its  own 
fire  or,  can  remain  ready  limbered  up,  to  fire  on  objectives 
which  are  out  of  range  from  its  original  positions. 

For  the  operations  under  preparation  the  two  right  bat- 
teries limbered  up  and  the  left  battery  ready  to  immediately 
take  under  its  fire  the  ravine  between  Hill  No.  170  and  the 
Plateau  of  la  Wagnerie  if  the  infantry  has  any  difficulty  in 
getting  across  it. 

In  addition  to  its  material  effect  the  moral  effect  of  the 
bombs  on  an  enemy  sheltered  in  the  woods  is  considerable. 

The  greatest  initiative  will  be  left  to  the  group  commander 
regarding  the  use  of  his  guns  in  action. 
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APPENDIX  III 

GERMAN  REPORT  ON  METHOD  OF 
HANDLING  MINENWERFER 

MiNENWERFERS  IN  THE  PREPARATION  AND  PROGRESS 

OF  Attacks 

A  captured  document,  prepared  by  the  officer  in  charge 
of  Minenwerfers  in  the  Second  Army  shows: 

(a)  The  r61e  played  by  Minenwerfers  during  the  attack 
and  during  the  move  forward.  (German  offensive  of  March 
1918). 

(b)  The  preliminary  work  necessary. 

(c)  The  action  of  the  horsed  companies  of  divisional 
minenwerfers  and  of  detachments  of  light  infantry  minenwer- 
fers. 

(d)  Experience  gained  by  the  use  of  this  mat6riel. 

Missions 

1.  The  minenwerfers  had  as  their  mission  to  prepare  for 
the  assault  positions  which,  on  account  of  their  nearness  to 
our  lines,  could  not  be  fired  upon  by  the  artillery,  and  in  addi- 
tion they  were  to  take  under  their  fire  all  the  objectives  that 
their  range  permitted  them  to  reach. 

The  artillery  was  thus  free  to  perform  other  missions. 
In  principle  the  objectives  of  the  artillery  were  distinct 
from  those  of  the  minenwerfers. 

The  positions  to  be  attacked  covered  a  front  of  20  kilo- 
meters. Only  8  kilometers  of  the  line  had  to  be  bombarded 
and  on  the  other  12  kilometers  the  fire  was  directed  on  the 
first  and  second  lines  and  on  parts  on  the  third  line  as  well  as 
on  points  of  support,  machine  guns,  minenwerfers,  observation 
stations  and  flanking  positions. 

The  first  line  trenches  were  in  general  thinly  held;  the 
wire  was  for  the  most  part  solid  and  well  built;  the  second 
and  third  lines  were  well  constructed,  held  in  considerable 
strength  and  protected  by  strong  wire  entanglements. 

The  fire  had  to  be  particularly  dense  at  the  points  where 
breeches  were  to  be  made  in  the  wire  while  at  other  points 
it  was  only  necessary  to  neutralize  the  enemy  garrison. 
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Number  of  Minenwerfers  Necessary 

2.  To  make  the  necessary  breeches  it  was  considered 
necessary  to  have  one  heavy  or  medium  minenwerfer  for  a 
front  of  25  to  50  meters  and  along  the  rest  of  the  line  one  heavy 
or  medium  minenwerfer  for  a  front  of  75  to  100  meters. 

Besides,  it  was  decided  to  use  18  light  minenwerfers  per 
divisional  sector.  As  the  real  artillery  preparation  was  not 
to  commence  until  one  hour  before  the  assault  there  was 
no  possibility  of  destroying  the  wire  along  the  whole  front; 
the  only  thing  that  was  attempted  was  the  opening  of  large 
assault  gaps. 

There  were  placed  in  position: 

619  medium  and  heavy  minenwerfers 
216  light  minenwerfers. 

3.  The  Companies  of  minenwerfers  of  the  attacking 
divisions  were  not  used  during  the  preparation  in  order  to 
keep  them  fresh  for  the  war  movement  and  the  important 
missions  that  they  had  to  fulfill. 

Each  company  of  the  minenwerfer  battalions  had  to  put 
into  battery  from  10  to  12  minenwerfers,  heavy  or  medium, 
in  place  of  8  (normal  figure).  Likewise  the  companies  of 
divisional  minenwerfers,  except  those  of  the  attacking  divisions, 
used  from  15  to  17  minenwerfers  (heavy  or  medium)  in  place 
of  the  ordinary  12.  They  had  to  look  out  for  the  supply 
and  service  of  this  increased  number.  There  were  available 
in  addition  half  detachments  of  minenwerfers  of  the  infantry 
regiments  of  the  attacking  divisions,  each  provided  with  6 
light  minenwerfers.  As  soon  as  the  attack  commenced  these 
half  detachments  armed  with  rifles,  etc.  left  their  minenwerfers 
in  place  and  joined  their  respective  regiments. 

Arrival  of  the  Minenwerfer   Units  and  Organization 

of  the  Command 

4.  The  Chief  Minenwerfer  Officer  of  the  2nd  Army,  who 
was  placed  at  the  disposal  of  the  18th  Army,  arrived  in  the 
army  accompanied  by  his  staff  on  the  18  February  1918.  He 
was  placed  under  the  orders  of  the  general  commanding  the 
artillery  but  had  to  report  personally  to  the  general  com- 
manding the  army  and  to  his  chief  of  staff. 

He  had  to  study  the  plan  of  action  for  units  of  minenwerfers 
and  was  charged  with  overseeing  the  preliminary  work.     He 
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was  authorized  to  obtain  verbal  information  anywhere  and 
was  to  keep  the  command  constantly  informed  of  the  state  of 
advancement  of  the  preparation.  From  February  22  to  24, 
there  arrived  the  commanders  of  battalions  of  minenwerfers, 
accompanied  by  orienteur  officers,  to  begin  the  detailed  prep- 
aration. 

The  battalion  of  minenwerfers  arrived  between  the  5th 
and  6th  of  March;  the  companies  of  minenwerfers  between  the 
1st  and  16th  of  March  at  the  rate  of  two  companies  per  day. 

In  each  sector  of  an  attacking  division  the  minenwerfer 
units  were  placed  under  the  orders  of  the  commander  of 
divisional  artillery. 

In  the  division  the  groupings  of  minenwerfers  were  not 
placed  under  the  orders  of  the  commanders  of  the  artillery 
groupings. 

Preliminary  Work 

5.  The  work  of  placing  the  minenwerfers  in  position  could, 
as  a  rule,  be  done  only  at  night.  There  were  constructed 
first  the  shelters  for  the  personnel  and  ammunition,  then  the 
positions  for  the  minenwerfers,  wherever  the  work  could  be 
done  without  attracting  the  attention  of  the  enemy;  finally 
the  ammunition  was  put  in  place. 

The  minenwerfers  were  not  placed  in  battery  until  the  last 
few  days  preceding  the  attack. 

Much  attention  was  paid  to  camouflaging  the  work.  The 
minenwerfer  units  worked  with  great  care  and  ii^elligence  and 
as  a  result  this  large  number  of  minenwerfers  was  put  into 
positions  without  attracting  the  attention  of  the  enemy.  The 
violent  enemy  firing  during  the  last  week  preceding  the  attack 
was  not  directed  on  the  minenwerfer  emplacements,  but 
further  to  the  rear. 

On  the  19th  of  March  all  minenwerfers  with  their  ammuni- 
tion were  in  position. 

6.  It  was  not  possible  to  do  any  adjusting  before  the 
attack,  without  arousing  the  suspicions  of  the  enemy,  for  the 
minenwerfers  of  the  divisions  in  line  had  not  fired  for  some 
time.  It  was  decided  that  adjustments  would  not  take  place 
until  the  day  of  the  attack,  during  the  fire  for  effect  of  the 
artillery. 

7.  The  preparation  included  the  following  periods: 

4  hours  40  to  5  hours — surprise  fire  on  enemy  minenwerfers. 
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in  which  took  part  those  of  our  minenwerfers  within  good 
range.  The  others  fired  on  objectives  whose  destruction 
was  necessary  before  the  attack. 

5  hours  30  to  5  hours  40 — surprise  fire  on  the  objectives 
mentioned  in  the  last  line  above. 

7  hours  10  to  8  hours  40 — adjustment  was  to  take  place 
during  this  period,  but  the  thick  fog  made  observation 
impossible. 

Destruction  firing  in  certain  sectors  on  points  of  support 
and  important  obstacles. 

8  hours  40  to  9  hours  40 — destruction  firing. 

9  hours  40 — the  assault. 

Only  the  light  minenwerfers  took  part  in  the  creeping 
barrage,  making  one  jump  only  of  300  meters. 

Results 

8.  As  the  front  line  trenches  were  only  thinly  held  the 
principal  mission  of  the  minenwerfers  was  the  destruction 
of  the  wire.  Large  and  numerous  gaps  were  made  which 
permitted  the  assault  troops  to  advance  rapidly. 

Experiences  Gained 

9.  (a)  The  battalions  and  companies  of  minenwerfers 
arrived  in  plenty  of  time,  as  well  as  the  reinforcement  minen- 
werfers and  ammunition. 

It  would  "have  been  desirable  for  the  Chief  Minenwerfer 
Officer  to  have  arrived  one  or  two  weeks  earlier. 

The  time  necessary  for  arrival  before  an  attack  is,  then — 
arrival  of  minenwerfer  units  and  ammunition  from  2  to  3 
weeks  before  the  attack;  arrival  of  reinforcement  minen- 
werfers 2  weeks  before  the  attack;  arrival  of  the  Chief  Minen- 
werfer Officer  6  weeks  at  least  before  the  attack. 

(b)  The  number  of  minenwerfers  used  and  the  length  of 
bombardment  was  sufficient.  In  case  the  first  line  trenches 
are  strongly  held  it  will  be  better  to  destroy  the  wire  along 
the  whole  front. 

(c)  Successful  results  were  obtained  without  adjustment. 
All  the  firing  was  prepared  using  only  the  plan  directeur; 
however,  if  possible,  fire  should  be  adjusted  before  the  day 
of  the  attack  and  better  results  will  be  obtained. 
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Use  of  Companies  of  Horse  Drawn  Divisional  Minenwerfers 
and  Detachments  of  Light  Infantry  Minenwerfers 

It  has  been  proved  that  the  horse  drawn  minenwerfer 
units  give  invaluable  aid  to  the  infantry;  also,  we  are  much 
superior  to  the  English  and  the  French,  not  only  from  the 
point  of  view  of  accuracy  of  materiel,  but  also  from  the  point 
of  view  of  the  possibility  of  its  use  in  the  war  of  movement. 

During  the  period  which  followed  the  attack  of  the  21st  of 
March  the  French  utilized  minenwerfers  for  the  first  time  for 
their  counter-attack  on  the  6th  day  of  April,  for  which  the 
preparation  lasted  several  days;  as  for  the  English,  after  the 
21st  of  March  they  used  no  minenwerfers  on  the  front  of  the 
18th  Army. 

The  medium  horse  drawn  minenwerfers  placed  under  the 
orders  of  the  commanders  of  infantry  regiments  have  been 
often  used  during  the  attack  and  with  very  good  results. 

The  minenwerfer  companies  followed  the  first  line  infantry 
very  closely.  As  a  result  they  were  ready  to  open  fire  as  soon 
as  they  received  the  order  designating  their  missions.  It 
often  happened  that  they  were  brought  into  action  solely  on 
the  initiative  of  their  commanders. 

Their  principal  mission  was  to  support  the  infantry  during 
the  attack  of  towns  and  other  centers  of  resistance  and  to 
neutralize  machine  gun  nests. 

The  result  desired  was  obtained  after  a  fire  of  an  average 
of  an  hour,  and  sometimes  a  few  shots  were  sufficient.  The 
supply  of  ammunition  presented  no  difficulties. 

The  light  infantry  minenwerfers  had  the  same  mission  as 
above:  they  were  used  either  alone  or  at  the  same  time  as  the 
medium  minenwerfers. 

The  supply  of  ammunition  for  the  3  small  detachments  in 
each  infantry  regiment  is  not  a  simple  matter  and  deserves  to 
be  given  special  attention. 

For  this  reason  no  more  ammunition  must  be  used  than  is 
strictly  necessary  to  accomplish  the  desired  mission. 

Their  use  for  flat  trajectory  fire  has  given  full  satisfaction. 

The  medium  and  light  minenwerfers  are  sufficiently  mobile 
and  limber  of  the  medium  minenwerfer  is  very  handy. 

Good  results  have  been  obtained  by  hooking  the  light 
minenwerfer  to  the  ammunition  truck.  The  latter  has  given 
complete  satisfaction  for  the  transportation  of  light  and 
medium  bombs. 
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The  transport  of  ammunition  has  been  rendered  easy  by 
the  dry  weather;  we  have  succeeded  in  transporting  in  a  two 
horse  wagon  10  medium  or  90  light  bombs,  and  with  a  one 
horse  wagon  5  medium  or  44  light  bombs. 

At  times  the  figures  given  above  had  to  be  diminished. 


A  FIRE  CONTROL  SYSTEM  FOR  USE  WITH  MOBILE 

SEACOAST  ARTILLERY. 

By  Colonel  Meade  Wildricky  C.  A. 


Due  to  the  types  of  heavy  mobile  artillery  designed  for  our 
future  Coast  Defense  System  it  becomes  necessary  to  evolve 
a  satisfactory  fire  control  system  to  be  used  with  these  new 
weapons.  Our  present  fire  control  system,  due  to  its  lack 
of  mobility,  cannot  be  used  with  guns  that  will  have  to  take 
up  positions  where  no  fixed  observing  stations  and  telephone 
lines  are  installed,  and  which  must  be  prepared  for  action 
simultaneously  with  putting  the  guns  in  position.  Therefore 
the  new  fire  control  system  must  meet  the  following  require- 
ments: 

(a)  It  must  be  possible  to  install  the  system  at  any  point 
along  our  seacoast  in  one  or  two  hours  time. 

(b)  It  must  be  possible  to  send  firing  data  to  the  guns  by 
the  time  the  guns  are  in  position  and  ready  for  action. 

(c)  It  must  be  capable  of  replacing  our  present  fixed  fire 
control  system  for  our  permanent  armament  when  this  fixed 
fire  control  system  is  put  out  of  commission. 

It  is  believed  the  fire  control  system  here  outlined  will 
fulfill  all  the  above  requirements.  Fortunately  the  topo- 
graphical methods  as  developed  in  France  and  taught  at  the 
Coast  Artillery  School  during  the  past  year  fit  in  nicely  in  this 
proposed  system  with  our  old  fire  control  instruments,  such 
as  the  Plotting  Board  (modified).  Deflection  Board,  Pratt 
Range  Correction  Board,  etc.,  and  give  us  the  solution  to 
the  problem  as  outlined  above. 

To  illustrate  the  propsed  system  let  us  first  briefly  describe 
its  component  parts  and  then  assume  a  hypothetical  problem 
to  show  the  manner  in  which  it  functions. 

Firing  Map 
The  basis  of  the  whole  system  is  an  accurate  map  upon 
which  is  superimposed  a  quadrillage.    This  map  is  used  for 
the   purpose   of   locating   base-end   stations,    gun   positions, 
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datum  points,  etc.,  and  for  determining  therefrom  data  with 
which  to  orient  azimuth  instruments,  plotting  boards,  azi- 
muth circles  and  sights.  In  other  words  a  map  similar  to  the 
French  "Planchette  de  Tir,"  with  which  we  are  all  familiar. 
Steps  should  be  taken  at  once  to  prepare  such  a  map  to  cover 
all  our  coastal  and  strategic  areas.  This  map  should  be  pre- 
pared by  the  Corps  of  Engineers,  who  have  the  facilities  and 
necessary  equipment  for  its  proper  execution. 

The  Plotting  Board 

The  plotting  board  to  be  used  with  this  system  is  similar  to 
our  present  board  except  that  the  base  line  arm  is  fixed  and 
the  graduations  on  the  azimuth  circles  for  both  the  primary 
and  secondary  arms  are  the  same  and  are  also  fixed,  running 
clockwise  from  0°  -  180°.  This  has  the  great  advantage  over 
our  old  board  of  not  having  to  orient  the  base  line  arm  and  of 
making  the  plotting  board  a  universal  board.     See  Fig.   1. 

eorrmspcna  iV  Oosr  Itnm,  0-3  • 
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The  gun  arm  azimuth  circle  is  also  fixed  and  is  graduated  from 
0**  - 180**.  There  is  an  adjustable  coupler  which  is  scaled  to 
correspond  to  the  base  line  scale  and  which  can  be  set  to  the 
length  of  the  base  line  by  means  of  a  locking  vernier.  In 
other  words  the  proposed  board  is  exactly  similar  to  our  present 
board  with  the  above  exceptions  and  due  to  its  simplicity,  it 
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would  seem  superior  to  other  types  of  universal  plotting  boards. 
The  rest  of  the  fire  control  apparatus  would  be  same  as  at 
present  with  the  exception  that  the  Tide  Curve  on  the  Pratt 
Range  Correction  Board  would  be  replaced  by  an  Elevation 
Curve,  and  would  correct  for  the  difference  in  level  between 
the  heights  of  the  gun  and  actual  water  level  (not  mean  low 
tide).  A  T.I.  bell  can  be  connected  up  on  our  Telephone 
Circuits. 

Operation  of  System 

To  illustrate  the  manner  in  which  the  proposed  system 
would  operate  let  us  assume  the  following  hypothetical  problem . 

You  are  in  command  of  a  battery  of  Railroad  Guns,  or 
Tractor  Guns  transported  on  flat  cars,  and  have  been  ordered 
from  the  Coast  Defenses  of  Savannah  to  reenforce  the  mobile 
and  permanent  armament  at  Fort  Monroe.  Assume  you 
arrive  at  Fort  Monroe  over  the  Chesapeake  and  Ohio  Rail- 
road at  7 :00  a.  m.  Upon  arrival  you  are  ordered  by  your 
Group  or  Battalion  Commander  to  put  your  battery  in  posi- 
tion at  G  immediately.  See  Fig.  2.  You  are  told  to  locate 
your  own  base  end  stations. 

You  call  your  Orienteur  Officer  and  tell  him  to  locate  the 
B'  and  B"  stations  as  indicated  in  Fig.  2.  You  then  notify 
your  telephone  details  to  lay  the  necessary  lines  from  the  base 
end  stations,  as  located  by  the  orienteur  details,  to  the  gun 
position  at  G,  and  to  connect  you  up  to  the  proper  fire  com- 
mand. • 

The  orienteur  details  then  determine  the  co-ordinates  of 
B',  B"  and  G  by  the  ordinary  tepographical  methods.  To 
facilitate  the  location  of  base  end  stations,  gun  positions,  etc., 
triangulative  points  such  as  P',  P",  Fig.  2,  should  be  suitably 
marked  and  their  position  and  co-ordinates  printed  directly 
on  the  map.  The  co-ordinates  of  some  Datum  Point  such  as 
Bug  Light  should  also  be  printed  directly  on  the  map  and  can 
be  obtained  therefrom. 

Let  us  assume  the  co-ordinates  as  determined  by  the  orien- 
teur details  to  be  as  follows: 

Point  X  Y 

B' 383831  ....  190231 

B'' 384885  ....  193625 

Gun 384380  ....  191365 

Bug  Lt 389593  ....  19126L  (from  Map) 
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We  then  have  all  the  data  necessary  for  computing  the 
length  and  Y-Azimuth  of  the  following  lines: 

(a)  B'  -  B''  Length  =  3553  m. 

Y-Az.  =  17°  15'  8" 

(b)  B'  -  Bug  Lt.,  Length  =  5854  m. 

Y-Az.  =  79^51'  6" 

(c)  B"  -  Bug  Lt.,  Length  =  5270 

Y-Az.  =  116^39'  16'' 

(d)  B'  -  Gun,        Length  =  1260  m. 

Y-Az.  =  25°  49'  58" 

Having  computed  the  above  data  we  can  now  orient  the 
azimuth  instruments  at  B'  and  B"  and  also  the  plotting  board. 

Orienting  the  Azimuth  Instruments  at 

B'  and  B" 

As  the  graduations  on  the  plotting  Board  run  clockwise 
from  0**  to  180**  for  both  the  primary  and  secondary  arms  we 
must  orient  the  azimuth  instruments  at  B'  and  B"  to  corre- 
spond with  these  graduatons.  In  other  words  the  azimuth  of 
the  base  line  is  always  considered  as  O''  and  the  angles  of  inter- 
section on  any  datum  point  or  target  are  measured  in  a  clock- 
wise direction  from  the  base  line  as  a  basis.  Thus  in  Fig  2. 
the  plotting  board  azimuth  of  Bug  Light  as  measured  from  B' 
station  is  the  angle  a  and  is  equal  to  the  difference  in  Y-azimuth 
of  the  lines  B'  B"  and  B'  -  Bug  Light.  Similarly  the  plotting 
board  azimuth  of  Bug  Light  from  B"  station  is  the  angle  p  or 
the  difference  in  Y-azimuth  of  the  lines  B'  B"  and  B"  -  Bug 
Light.  Now  set  off  the  angle  a  on  the  azimuth  instrument  at 
B'  and  bring  the  instrument  on  Bug  Light.  Similarly  set  off 
the  angle  p  on  the  azimuth  instrument  at  B"  and  bring  this 
instrument  on  Bug  Light.  Both  instruments  are  then  oriented 
to  measure  angles  in  a  clockwise  direction  from  the  base  line 
B'  B"  and  correspond  to  the  graduations  on  the  azimuth  circle 
of  the  plotting  board  for  the  primary  and  secondary  arms. 
See  Figs.  1  and  2. 

Orienting  the  Plotting  Board 

Having  computed  the  length  and  Y-azimuth  of  the  line 
B'  G  we  can  solve  trigonometricall^  the  right  angle  triangle 
B'  G  X,  as  we  know  the  length  of  the  hypotenuse  B'  G  and  the 
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angle  G  B'  X,  (The  difference  in  Y-azimuth  of  the  lines  B'  B" 
and  B'  G.)     Solving  we  obtain  the  following: 

B'X  (Left  on  Base  Line)  1246  m. 

XC   (Front  on  Base  Line)  188  m. 

With  this  data  we  can  set  the  gun  arm  center  over  the 
directive  point  G  of  the  battery  and  the  plotting  board  is 
oriented. 

Computing  Firing  Data 

We  are  now  ready  to  track  any  target  in  the  field  of  fire. 
Assume  in  Fig.  2  a  target  T.  We  can  measure  on  the  azimuth 
instrument  at  B'  the  angle  o'  and  set  it  off  on  the  primary 
arm  of  the  plotting  board.  Similarly  we  can  measure  on  the 
azimuth  instrument  at  B"  the  angle  of  /3'  and  set  it  off  on  the 
secondary  arm.  The  intersection  of  the  primary  and  second- 
ary arms  will  then  locate  the  position  of  the  target  on  the 
plotting  board.  In  this  way  we  can  obtain  as  at  present  the 
range  to  the  predicted  and  set-forward  points  and  make  the 
necessary  ballistic  corrections  on  the  Pratt  Range  Correction 
Board. 

When  using  indirect  fire  another  point  as  Z  can  be  located. 
The  Y-azimuth  of  the  line  ZG  can  then  be  computed.  Set 
off  the  difference  in  Y-azimuth  of  the  line  ZG  and  B'B"  on 
the  panoramic  sight  or  Azimuth  circle  of  the  gun  and  the 
battery  can  be  fired  using  Case  IIL 

Conclusions 

From  the  above  discussion  it  is  apparent  that  the  methods 
of  fire  control  for  our  heavy  artillery  can  be  made  practically 
identical,  whether  firing  at  a  moving  target,  such  as  a  ship, 
or  at  a  stationary  land  target.  The  orienteur  methods  and 
ballistic  corrections  are  the  same,  the  only  difference  being 
that  when  firing  at  a  moving  target  a  plotting  board  must 
be  used  to  obtain  the  range  and  Y-azimuth  of  the  set-forward 
point. 

By  making  the  modifications  to  an  old  Whistler-Hearn  Plot- 
ting Board  as  indicated  in  Fig.  3  and  using  it  in  conjunction 
with  a  properly  prepared  map  of  the  Coast  Defenses,  it  is 
believed  that  it  would  be  possible  to  try  out  this  proposed 
system  in  the  various  Coast  Defenses  while  conducting  Sub- 
caliber  and  Service  target  practice  with  either  permanent  or 
mobile  armament  during  the  present  year.     In  this  way  we 
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can  prove    by  practical  demonstration  the    following     im- 
portant points: 

(a)  That  we  can  fire  our  old  fixed  annament  using  a 
mobile  and  elastic  fire  control  system  similar  to  that  described 
above. 

(b)  That  we  can  fire  properly  mounted  mobile  armament,  as 
accurately  as  fixed  armament  against  moving  targets,  such  as 
hostile  warships;  and  that  the  same  method  of  fire  control  can 
be  employed  for  both  types  of  armament. 


(c)  That  the  methods  of  Fire  Control  used  by  our  Coast 
Artillery  Troops  in  France  when  firing  at  fixed  land  targets 
are  practically  identical  to  the  proposed  Seacoast  Fire  Control 
Method  described  above  for  firing  at  moving  targets. 


NOTES  ON   THE   DEVELOPMENT   OF  ARTILLERY 

FOR  THE  FUTURE. 

By  Major  Augustus  Norton^  C.  A. 


The  events  of  the  Great  European  War  all  tend  to  con- 
firm a  great  General's  observation  that  "Artillery  conquers  and 
Infantry  occupies."  Whereas  the  American  Artillery  did  not 
have  the  opportunity,  for  lack  of  time,  to  attain  the  high  degree 
of  efficiency  that  was  constantly  sought,  it  nevertheless 
proved  to  be  most  effective.  Therefore,  in  order  that,  in 
future  wars,  the  artillery  may  continue  to  retain  its  enviable 
position  every  possible  effort  must  be  made  to  formulate  and 
put  into  effect,  at  once,  a  safe  and  sound  policy,  which  will  be 
a  guide  for  the  future  in  organizing,  training,  and  equipping 
the  American  Artillery. 

The  following  remarks  attempt  to  set  forth  briefly  some  of 
the  more  important  conditions  that  have  developed  during  the 
period  of  active  participation  on  the  part  of  the  United  States 
in  the  world  war.  There  is  coupled  with  the  majority  of  the 
conditions  enumerated  a  short  critism  intended  to  be  correc- 
tive, rather  than  derogatory. 

For  the  purposes  of  convenience  the  entire  subject  will  be 
divided  into  the  following  parts: 

I.  Administrative  and  Executive  Control. 

II.  Composition  of  the  Artillery. 

III.  Personnel  and  Training. 

IV.  Guns  and  Materiel  in  General 

I. 

The  organization  of  General  Headquarters,  A.  E.  F.,  pro- 
vided for  a  Chief  of  Artillery,  whose  function  it  was  to  keep 
the  Commander-in-Chief  advised  on  all  artillery  matters, 
other  than  tactical.  This  Chief  developed  the  artillery  policy 
and  his  sphere  of  activity  embraced  all  matters  concerning  the 
actual  final  "production"  of  artillery  units  for  service  at  the 
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front.  He  directed  the  organization,  training,  and  equipping 
of  all  such  organizations  to  include  trench  and  anti-aricraft 
artillery.  As  many  matters  are  common  to  all  artillery  it 
was  possible  to  co-ordinate  all  training  and  supply  of  equip- 
ment under  a  single  Chief,  thereby  making  it  possible  to  adhere 
to  one  policy  and  approach  standardization.  The  staff  of  the 
Chief  of  Artillery  must  naturally  be  so  composed  as  to  place 
trained  officers  in  charge  of  the  various  sections.  This  single 
organization  is  clearly  an  advantage  over  four  separate  but 
smaller  organizations;  one  for  heavy  artillery,  one  for  light, 
one  for  trench  artillery,  and  finally  one  for  anti-aircraft.  The 
question  of  motorization,  the  matter  of  equipment  and 
materiel  in  general  require  the  services  of  the  largest  section 
in  any  artillery  chiefs  office.  If  this  most  important  branch 
had  not  been  handled  under  one  chief  for  all  classes  of  artillery, 
greater  delays,  duplication  of  work,  and  multiplicity  of  types 
ivould  have  resulted.  The  entire  plan  employed  resulted  in 
unity  of  control  and  met  with  indisputable  success  in  every 
phase  of  the  work. 

II 

The  composition  of  the  American  Artillery,  A.E.F.,  re- 
spective to  classification,  general  types  and  amounts,  seems 
to  have  been  well-determined  in  advance.  So  far  as  the  types, 
accepted  as  standard  in  the  approved  program,  have  been 
tested  in  actual  warfare  there  has  been  but  little  criticism 
offered.  Classification  as  originally  determined  appears  to 
have  been  correct  and  the  amount  of  artillery  needed  requires 
but  small  additions. 

The  following  outline  is  believed  to  represent  what  should 
be  termed  the  standard  classification: 

(a)  Railway  Artillery  Reserve; 

Pertains  to  an  army  or  group  of  armies  and  should 
be  composed  of  large  caliber  howitzers,  ((12-inch  to 
16-inch)  and  high-powered  long  range  guns  (8-inch 
to  14-inch). 

(b)  Army  Artillery; 

Pertains  normally  to  an  army  and  should  be  com- 
posed of  highly  mobile  intermediate  caliber  how- 
itzers (8-inch  and  9.2-inch)  and  high-powered  long 
range  guns  (5-inch  to  7-inch). 
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(c)  Corps  Artillery; 

Pertains  to  an  army  corps  and  should  be  composed 
of  highly  mobile  intermediate  caliber  guns  (4.7-inch 
to  6-inch)  and  large  caliber  trench  mortars. 

(d)  Divisional  Artillery; 

Pertains  to  a  division  and  should  be  composed  of 
highly  mobile  small  caliber  howitzers  (6-inch)  and 
high-powered  guns  (3-inch)  and  intermediate  and 
small  caliber  trench  mortars. 

(e)  Anti- Aircraft  Artillery; 

One  element  to  pertain  to  the  rear  areas  and  the 
other  to  an  army;  should  be  composed  as  follows: 

1.  Semi-fixed  for  defense  of  rear  areas,  guns  (3-inch) 
and  searchlights. 

2.  Mobile  for  operation  in  the  zone  of  the  army, 
guns  (3-inch)  and  machine  guns,  and  searchlights. 

The  amounts  of  the  different  classes  of  artillery  required 
for  normal  operations  appears  to  be  about  as  follows: 

(a)  R.A.R.    Two  brigades  per  army — (144  guns). 

(b)  Army  Artillery.  Four  brigades  of  guns  (288)  and  four 
brigades  of  howitzers  (288)  per  army. 

(c)  Corps  Artillery.  One  brigade  of  guns  (48)  and  one 
trench  mortar  battalion  (24),  per  army  corps. 

(d)  Divisional  Artillery.  One  brigade  of  guns  (48)  and 
howitzers  (24)  and  one  battery  of  trench  mortars  (12)  light, 
per  division. 

(e)  Anti-Aircraft  Artillery. 

1.  Semi-fixed;  amount  dependent  upon  situation,  usu- 
ally one  sector  (8  guns)  per  location  is  the  average. 
Twenty-four  sectors  (192  guns)  should  be  held  ready. 
Three  platoons  of  searchlights  (9)  is  the  average  per 
location. 

2.  Mobile;  eight  sectors  of  guns  3-inch  (64),  five  ma- 
chine gun  battalions  (240)  and  ten  searchlight  com- 
panies (150)  per  normal  army  front. 

(Amount  determined  as  follows;  one  gun,  one  group 
of  four  machine  guns  and  one  searchlight  per  kilo- 
meter of  front.  Searchlights  to  be  arrSinged  in 
three  bands. 

Ill 

Prior  to  our  active  combatant  participation  in  the  recent 
war,  the  personnel  of  the  American    Artilley  was    almost 
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wholly  dependent  upon  the  advice  and  experiences  of  our  allies 
for  information  as  to  the  r61e  played  by  the  artillery  in  the 
great  struggle  and  the  manner  of  playing  it.  As  a  most 
natural  result  of  this  conditon,  we  developed  practices  which 
were  too  largely  applicable  to  stabilized  warfare;  therefore, 
the  conditions  to  be  encountered  in  purely  open  operations 
were,  to  some  extent,  overlooked  in  the  sense  that  they  were 
overshadowed  by  the  demands  and  principles  resulting  from 
the  type  of  warfare  that  had  predominated. 

Artillery  units  arriving  in  France  were  in  general  well 
versed  in  the  groundwork,  but  as  a  rule  practical  knowledge 
and  experience  were  lacking.  Due  to  the  fact  that  the  per- 
sonnel in  France  available  as  instructors  were  also  deficient 
in  this  respect  the  normal  type  of  instructor  bordered  all  too 
freely  on  the  theoretical.  This  condition  was  remedied 
however  as  soon  as  circumstances  permitted. 

It  was  necessary  in  a  great  many  cases  to  detach  tempor- 
arily a  large  percentage  of  the  personnel  of  incoming  organiza- 
tions and  send  them  to  various  instructional  centers.  This,  of 
course,  was  undesirable.  In  fact  some  organizations  went  to 
the  front  with  a  personnel  that  had  not  been  assembled  as  a 
unit,  but  for  a  very  short  time.  This  made  the  problem  of 
organization  difficult  for  the  regimental  commanders.  It 
now  appears  that  it  is  desirable  to  train  regiments  as  a  unit 
and  thereby  permit  the  organization  machinery  to  be  perfected 
by  actually  performing  its  functions  through  the  training 
period. 

Every  effort  must  be  made  to  perfect  the  methods  of  peace 
time  training.  This  development  must  be  organized  on  a 
sound  basis,  the  proportion  of  theoretical  to  practical  work 
must  be  carefully  determined,  and  the  final  seasoning — ^the 
finishing  touches  of  the  training — must  contain  a  large  ele- 
ment of  reality. 

In  the  future,  therefore,  we  should  take  into  consideration 
all  conditions  of  warfare,  and  our  system  of  training  must  be 
so  outlined  as  to  make  prime  note  of  this  provision.  The 
training  must  be  thorough;  it  must  develop  artillerymen  of 
the  highest  type.  The  preliminary  work  and  that  which  fol- 
lows should  always  demand  extreme  accuracy  and  follow  the 
standard  practice.  When  the  artilleryman  has  definitely 
acquired  this,  the  time  has  arrived  to  allow  him  to  develop 
resourcefulness,  and  this  can  best  be  done  by  requiring  him  to 
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operate  under  conditions  which  range  from  the  ideal  to  the 
most  primitive.  The  purpose  to  be  accomplished  would  be 
the  development  of  a  type  of  artilleryman  how  sought  accuracy 
at  all  times,  but  who  would  be  able  to  exercise  proper  judge- 
ment in  reducing  the  degree  of  accuracy  when  the  circumstances 
permitted  or  required  it.  In  brief,  the  technique  must  always 
appear,  whereas  the  execution  of  the  work  will  be  only  in  such 
detail  as  the  implements  at  hand  will  permit. 

For  the  Americans  this  has  been  a  war  of  expedients,  our 
resourcefulness  was  a  determining  factor  in  the  success  of  our 
operations  and  it  would  be  a  great  mistake  not  to  foster  this 
characteristic  trait  of  the  average  American  seeking  to  become 
an  artilleryman  and  develop  it  along  lines  which  will  serve  the 
purpose  in  mind. 

It  is  believed  that  the  experience  gained  by  our  artillery- 
man in  actual  warfare  has  now  been  sufficient  to  furnish  us 
with  the  necessary  material  and  knowledge  to  formulate  and 
put  into  effect  a  thorough  and  proper  scheme  of  training. 

The  result  of  observation  leads  to  the  belief  that  certain 
subjects  were  not  sufficiently  emphasized  during  the  training 
of  many  artillery  units.  These  are  discussed  briefly  in  the 
following  paragraphs. 

Great  stress  must  be  laid  on  liaison  and  its  maintenance 
under  all  conditions.  The  establishment  and  maintenance 
of  communications  is  extremely  difficult  at  times,  but  every 
artilleryman  should  be  impressed  with  its  importance  and 
made  to  realize  that  it  is  an  integral  part  of  every  artillery 
maneuver.  Unless  a  battery  can  receive  firing  orders  and 
have  knowledge  of  the  location  of  the  infantry  lines  it  must 
remain  idle.  An  organization  may  excel  in  the  art  of  maneuver- 
ing and  going  into  position  and  in  the  execution  of  fire,  but 
unless  it  has  some  communication  with  its  tactical  chief  it 
is  as  impotent  as  a  battery  without  ammunition.  Constant 
liaison  with  each  immediate  superior  and  co-operator  is  abso- 
lutely essential. 

Numerous  examples  to  substantiate  this  can  be  found  in 
the  reports  of  the  offensive  operations  of  the  1st  American 
Army  which  began  on  November  1,  1918.  The  infantry 
advance  was  so  rapid  that  the  artillery  was  put  to  test  even  to 
maintain  the  pace.  Very  few  heavy  artillery  units  were  able 
to  participate  between  November  2nd  and  7th,  either  because 
the  pace  was  too  rapid  or  due  to  the  extended  line  of  com- 
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munications  or  the  utter  lack  of  the  same.  In  fact  a  large 
percentage  of  all  the  artillery  that  was  actually  in  a  position 
to  fire  effectively  on  the  retreating  enemy,  units  that  had  made 
heroic  physical  efforts  to  maintain  the  pace,  were  unable  to 
fire  at  times  because  of  the  lack  of  proper  liaison. 

The  training  of  enlisted  personnel  must  be  as  thorough  as 
that  of  the  commissioned  officers.  A  large  proportion  of 
capable  and  skilled  mechanics  must  be  provided  for;  they  must 
be  thoroughly  familiar  with  all  motor  equipment  and  gun 
materiel  that  they  serve.  They  ^must  be  taught  to  observe 
rigidly  the  requirements  in  regard  to  upkeep  and  mainte- 
nance. Carefully  trained  chauffeurs  must  be  provided  in 
large  numbers;  these  men  must  be  better  than  a  mere  truck 
driver.  Theoretical  work  for  the  enlisted  personnel  must  be 
reduced  to  the  minimum  compatible  with  requirements  and 
the  bulk  of  the  instruction  must  be  practical  work  and  varied 
as  to  conditions  to  the  fuller  extent. 

Camouflage  and  camouflage  discipline  hardly  existed  in  our 
artillery;  at  least  aside  from  a  very  few  organizations,  not 
even  the  most  rudimentary  principles  were  practiced  or 
observed.  This  condition  either  existed  as  the  result  of 
ignorance  or  because  of  utter  disregard  and  laziness.  It  is 
probable  that  all  three  reasons  were  contributory  to  the  neglect, 
but  fortunately,  due  to  the  utter  inability  of  the  enemy  artil- 
lery to  be  as  active  as  it  might  have  been,  the  fault  did  not 
exact  a  very  heavy  toll.  It  will  invariably  be  found,  that 
where  an  artillery  organization  has  suffered  casualties  because 
of  its  location  having  been  discovered  by  the  enemy,  that 
its  camouflage  discipline  is  better  than  the  organization 
wherein  casualties  have  not  occurred,  even  though  the  latter 
be  more  experienced  from  the  standpoint  of  service.  The 
lack  of  camouflage  discipline  in  one  organization  endangers 
those  who  adjoin  it  even  though  the  neighboring  units  are 
exacting  in  this  respect.  The  presence  of  such  an  undiscip- 
lined battery  or  other  unit  tends  to  reduce  the  standard  of 
those  operating  in  the  vicinity  and  in  addition  very  often 
nullifies  the  precautions  taken  by  the  latter.  It  has  been 
stated  that  "a  battery  seen  is  a  battery  lost";  it  is  well  said. 
It  was  the  almost  invariable  practice  of  the  Germans  to  move 
immediately  a  battery  when  it  had  once  been  fired  on. 

Gas  discipline  was  excellent,  as  testified  by  the  fact  of  the 
number  of  casualties  which  were  exceedingly  small. 
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Road  discipline  was  poor  and  almost  lacking  in  many 
instances.  This  should  be  developed  and  made  as  exacting 
as  the  requirements  of  close  order  drills.  Important  convoys 
have  been  delayed  for  hours  because  ot  the  utter  disregard  on 
the  part  of  some  truck  drivers  of  even  the  simple  rules  of 
the  road.  The  formation  and  drilling  of  convoys  is  as  im- 
portant as  the  training  of  gun  crews.  When  traveling  on 
heavily  congested  roads  and  especially  during  hours  of  dark- 
ness, it  is  extremely  difficult,  even  for  the  most  experienced 
truck  trains,  to  prevent  separation  and  avoid  adding  to  the 
congestion  by  forming  blockades  due  to  poor  or  careless  driv- 
ing. 

The  training  of  the  artillery  as  a  whole  was  good;  it  is 
believed  that  the  heavy  and  trench  artillery  units  were  the 
best  prepared  for  service  at  the  front.  On  purely  artillery 
subjects  the  personnel  seemed  to  be  capable.  The  prepara- 
tion of  firing  data  and  adjustment  of  fire  was  well  under- 
stood, but  even  greater  facility  than  that  displayed  should  be 
required.  There  was  a  notable  lack  on  the  part  of  many 
artillery  officers  to  appreciate  the  value  of  direct  observation 
of  fire;  at  least,  only  feeble  efforts  were  made  to  obtain  it. 
This  condition  became  so  serious  that  the  1st  Army  Artillery 
commander  was  obliged  to  issue  an  order  requiring  the  con- 
stant search  for  means  of  observation. 

Due  to  unavoidable  circumstances  many  artillery  units 
completed  their  equipment  just  prior  to  departure  for  the 
front.  This  was  particularly  true  of  transportation.  It  is 
believed  that  this  fact  was  mainly  responsible  for  the  lack  of 
road  discipline  at  the  front.  Without  the  transportation  it  was 
impossible  to  have  practical  maneuvers  with  even  an  entire 
battery  during  the  training  period.  In  the  future,  therefore, 
this  objectionable  feature  can  be  overcome  if  the  present 
production  of  the  necessary  equipment  is  continued  until 
sufficient  amounts  are  actually  on  hand  for  all  organizations 
contemplated  in  the  approved  project. 

As  the  amount  of  experience,  other  things  being  equal, 
invariably  is  a  gauge  of  the  efficiency  of  an  organization,  the 
logical  conclusion  is  to  secure  the  experience.  This  can  not 
be  obtained  from  books,  but  only  through  constant  practice. 
Practical  work  must  be  indulged  in  and  when  an  organization 
is  thoroughly  schooled  in  fundamentals  it  must  be  required 
continually  to  practice  and  develop  its  knowledge  by  means  of 
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participation  in  maneuvers.  This  is  in  keeping  with  the 
German  policy  of  peace  time  training.  The  results  obtained 
by  them  in  war  should  be  a  sufficient  testimonial  to  the  suc- 
cess of  the  method. 

Practice  makes  perfect,  and  that  should  be  the  key-note 
of  all  future  training. 

IV 

The  question  of  the  types  of  artillery,  its  equipment  and 
amounts  of  materiel  for  the  American  Artillery  was  at  first 
largely  settled  upon  advice  from  our  allies.  Developments 
proved  that  certain  changes  are  desirable,  if  not  necessary. 

The  question  of  mobility  is  undoubtedly  the  predominant 
factor  in  the  selection  of  the  proper  types  of  artillery  for 
present-day  warfare.  Artillery  of  all  types  and  calibers 
must  be  highly  mobile  and  motorized  whenever  possible. 
This  is  imperative  in  a  war  of  movement,  if  the  maximum 
amount  of  artillery  is  to  be  kept  advancing  at  the  same  rate 
as  may  be  possible  for  the  infantry  and  also  to  permit  of  rapid 
shifts  and  concentrations. 

The  types  of  intermediate  caliber  guns  and  howitzers 
appear  to  have  been  well  chosen.  The  smaller  calibers  have 
likewise  performed  to  satisfaction.  Our  own  types  of  railway 
artillery,  except  for  the  U.S.  Navy  R.R.  unit,  had  no  oppor- 
tunity of  being  tested  in  service.  It  might  be  well  to  indicate 
at  this  point  that  it  must  be  borne  in  mind  that  railway  artil- 
lery that  will  serve  in  land  warfare  will  not  necessarily  meet 
all  the  requirements  of  a  coast  defense,  but  the  artillery  which 
is  suitable  for  the  latter  can  be  used  to  good  advantage  for 
the  former  state.  The  success  of  mortorized  light  field  gun 
units  would  indicate  that  it  is  advisable  to  adopt  this  means 
of  transportation. 

All  future  designs  of  mobile  artillery  should  take  into 
consideration  the  necessity  of  having  the  following  character- 
istics; long  range,  long  life,  wide  traverse,  a  mount  and  car- 
riage which  will  permit  of  rapid  travel  over  roads,  either  on 
its  own  bearings  or  by  means  of  an  accessory  vehicle.  Even 
trench  mortars  should  be  made  more  mobile  than  heretofore. 
The  design  of  all  artillery  carriages  must  further  provide  for 
travel  over  rough  and  uneven  ground  and  through  mud;  in 
fact,  it  must  be  able  to  travel  anywhere  that  a  tractor  can  pull 
it. 

Anti-aircraft  artillery  of{American  design  or  manufacture 
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did  not  arrive  in  France  in  any  great  quantity.  That  which 
was  received  of  the  mobile  type  proved  to  be  unserviceable. 
As  no  such  American  artillery  was  in  operation  at  the  front 
it  was  impossible  to  observe  it  and  form  any  opinions  as  to 
its  suitability.  The  French  types,  however,  were  observed 
and  they  function  well  and  seem  well  adapted  to  the  service. 
They  should  serve  as  a  guide  for  our  own  construction. 

Trench  artillery  of  American  design  or  manufacture  was 
not  seen  in  operation  at  the  front.  The  European  types, 
French  and  English,  can  be  improved  upon  to  some  extent  and, 
with  certain  small  changes,  can  be  taken  as  models.  The 
main  feature  to  be  sought  is  mobility,  and  a  design  which  will 
permit  of  rapid  emplacement.  The  150  mm.  French  T.M. 
(Model  1917)  is  a  most  promising  design  and  can  undoubtedly 
be  developed  for  even  larger  calibers.  Successful  changes 
have  been  made  in  the  British  6-inch  Stokes  and  the  French 
240  mm.  trench  mortars;  these  improvements  pertained  to  the 
design  of  bed  plate  and  method  of  transportation.  A  Newton- 
Stokes  mortar  has  been  successfully  mounted  and  fired  from  a 
motor  truck,  but  this  is  not  thought  to  be  practical  in  view  of 
the  fact  that  mortars,  due  to  their  very  short  range,  must 
be  emplaced  very  close  to  the  front  lines.  Experiments  and 
tests  of  trench  artillery  in  the  American  Army  are  of  most 
recent  date,  but  they  have  been  carried  out  along  most  prac- 
tical and  progressive  lines. 

The  equipment  manuals  as  originally  published  were  most 
liberal  as  a  whole.  The  quantities  required  of  certain  few 
items  were  underestimated,  but  in  most  instances  the  reverse 
was  the  case  and,  as  a  consequence,  through  lack  of  transpor- 
tation facilities  and  other  demands,  vast  quantities  of  materiel 
were  actually  left  behind  and  thrown  along  the  wayside. 
Equipment  manuals  should  be  carefully  revised  and  in  the 
future  they  should  not  be  considered  as  binding,  but  instead 
should  serve  merely  as  a  guide  in  equipping  organizations. 

The  equipment  of  artillery  units  should  be  divided  into 
two  classes,  that  which  is  needed  and  can  be  used  under  highly 
organized  conditions,  and  that  which  is  a  minimum  to  meet 
the  requirements  during  a  war  of  movement.  The  first  class 
would  contain  a  complete  unit  equipment  and  the  second 
would  be  made  up  only  of  such  items  of  the  first  class  as  are 
absolutely  essential.  The  purpose  of  this  division  is  the  same  as 
contemplated  when  Equipment  A,  B,  and  C  was  inaugurated. 
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The  smallest  organization,  the  battery,  should  be  so  equip- 
ped that  it  may  function  independently  when  the  occasion 
requires.  In  some  regiments  the  division  of  equipment  was 
not  properly  made  to  permit  this,  but  as  a  rule,  it  could  have 
been  done  and  to  good  advantage. 

There  will  undoubtedly  be  great  reluctance  on  the  part  of 
some  to  eliminate  the  horse  where  possible,  but  it  must  be 
done  in  the  artillery  of  the  future  if  the  best  results  are  to 
be  obtained.  During  the  last  offensive,  that  of  November  1, 
1918,  horse-drawn  organizations  were  so  depleted  that  in 
some  cases  animals  were  borrowed  by  one  organization  from 
another.  In  many  cases  there  were  only  sufficient  horses  to 
move  the  guns,  a  return  trip  being  necessary  to  bring  up  the 
caissons,  whereas  tractor-drawn  units  functioned  as  usual. 
Horse-drawn  artillery  found  it  difficult  to  negotiate  the  roads 
and  frequently  requested  the  services  of  tractors  to  assist  in 
passing  obstacles. 

There  are  bound  to  be  casualties  among  animals  other 
than  those  resulting  from  shell-fire.  A  horse  requires  constant 
care  and  attention,  likewise  the  motor,  but  one  motor  will  do 
the  work  of  many  horses,  and,  consequently,  the  personnel 
required  to  maintain  and  operate  the  latter  far  exceeds  the 
former.  Furthermore,  personnel  conversant  with  motors 
far  exceeds  in  point  of  numbers  that  trained  in  the  care  of 
horses. 

There  is  no  doubt  that  the  caterpillar  tractor  has  estab- 
lished its  superiority  for  moving  all  kinds  of  mobile  artillery 
under  any  conditions.  Many  comparisons  can  be  drawn, 
but  the  length  of  this  article  does  not  permit  of  enumeration, 
besides,  it  is  not  thought  to  be  necessary  to  argue  the 
matter  further. 

The  question  of  handUng  fuel  for  tractors  versus  forage 
for  horses  is  so  obviously  one-sided  that  it  does  not  need 
discussion. 

Tractors  of  the  Renault  type  have  proved  to  be  invaluable 
in  effecting  rapid  shifts  of  artillery  from  one  front  to  another 
and  for  concentrations.  This  desirable  feature  will  be  ob- 
tained with  the  last  adopted  type  of  American  Truck-Tractor. 
This  vehicle  is  equipped  with  a  windlass  and  is  so  constructed 
and  provided  with  the  necessary  parts  that  it  can  be  used  as  a 
truck  or  a  tractor,  by  merely  changing  the  arrangement  of 
the   driving  gears  and  shafts.    Trailers  must,  of  course,  be 
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provided  for  shifting  caterpillar  equipped  vehicles  when  speed 
is  necessary. 

It  is  of  the  utmost  importance  to  have  ammunition  trucks 
of  the  proper  type  and  design.  Frequently  it  has  been  neces- 
sary to  abandon  otherwise  ideal  artillery  positions,  because 
of  the  difficulty  of  supplying  ammunition  to  the  guns  or  to  a 
point  reasonably  near  the  battery.  One  of  the  considerations 
in  selecting  an  artillery  position  is  that  of  ammunition  supply 
and  frequently  undesirable  sites  had  to  be  chosen  simply 
because  the  type  of  ammunition  truck  required  it.  Therefore, 
all  future  designs  of  trucks  for  hauUng  ammunition  must  take 
into  consideration  the  necessity  for  being  able  to  go  where 
the  gun  can  go. 

Trucks  having  a  four-wheel  steer  gave  considerable  trouble; 
this  feature  is,  of  course,  most  desirable  for  a  towing  vehicle 
and  should  be  used  if  possible  under  those  conditions  of  opera- 
tion. The  truck-tractor  previously  referred  to  has  an  im- 
proved design  of  four-wheel  steer  when  operating  as  a  tractor. 
Four-wheel  drives  are  without  question  the  best  types.  The 
standard  size  gasoline  tank  was  found  to  be  too  small,  its  size 
should  be  increased  so  as  to  double  the  capacity.  When 
running  in  a  convoy  motor  vehicles  must  run  at  a  fairly  slow 
speed,  frequent  stopping  and  starting  is  unavoidable,  bad  roads 
require  the  frequent  use  of  the  low  gears,  consequently  the 
consumption  of  fuel  is  doubled,  sometimes  trebled  in  compari- 
son with  the  normal  consumption  under  average  road  condi- 
tions and  method  of  travel.  Undoubtedly  the  size  of  tanks 
was  determined  under  the  latter  conditions,  but  practical 
experience  shows  that  the  increase  in  size  of  tanks  for  all  motor 
vehicles  for  military  use  is  desirable,  if  not  necessary. 

Two  general  classes  of  trucks  are  needed;  those  for  the 
transportation  of  ammunition  and  those  for  hauling  material 
and  supplies.  The  repair  trucks  and  all  other  types  of  special 
vehicles  gave  excellent  service.  They  should  serve  as  models 
for  future  designs. 

As  a  whole  the  entire  artillery  equipment  gave  excellent 
service,  the  principal  complaint  was  shortage.  A  sufficiently 
large  variety  however,  was  put  to  test  to  permit  of  compari- 
son and  warrant  intelligent  decisions  being  made  as  to  the  best 
types  to  be  adopted  for  the  future. 

Other  classes  of  property  used  by  the  artillery  received 
very  little  criticism.  The  only  article  which  deserves  mention 
is  the  Type  E-10  radio  set.    This  apparatus  gave  some  trouble. 
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This  design  should  be  perfected  so  as  to  eliminate  the  undesir- 
able features. 

Ammunition  is  an  important  subject  and  furnishes  a 
topic  for  separate  discussion;  therefore,  no  attempt  will  be 
made  to  go  into  the  subject  beyond  a  few  general  remarks. 

The  latest  designs  of  French  projectiles  gave  uniform 
results,  the  destructive  effect  was  good  and  comparatively 
few  "duds"  were  reported.  The  powder  was  excellent  and  the 
form  of  charge  is  thought  preferable  to  the  American  practice; 
the  form  of  grain  and  incremental  feature  is  excellent.  Per- 
cussion primers  seem  to  give  fewer  failures  than  the  friction 
type.  The  French  practice  of  using  point  fuses  almost  exclu- 
sively is  thought  to  be  good.  The  custom  of  greasing  pro- 
jectiles is  conductive  to  increasing  the  life  of  a  gun  and  reducing 
dispersion.  The  use  of  a  tin  composition  (ordinary  tin  foil 
in  which  fuses  are  packed  serves  the  purpose)  introduced 
frequently  in  the  powder  chamber  with  a  charge  almost 
entirely  prevents  copper  fouling.  If  copper  fouling  exists  the 
use  of  this  composition  will  remove  the  fouling  in  a  remarkably 
short  time.  Guns  that  have  fired  over  two  thousand  rounds 
and  that  have  used  the  tin  foil  show  very  little  evidence  of 
copper.  The  original  theoretical  life  of  a  155-G.P.F.  gun  was 
placed  at  about  three  thousand  rounds,  but  guns  of  this 
caliber  which  had  used  the  tin  foil  and  followed  the  practice 
of  greasing  projectiles  were  seen  in  action  after  firing  over 
eight  thousand  rounds  with  no  abnormal  decrease  in  muzzle 
velocity  or  consequent  increase  in  dispersion. 

Since  the  effectiveness  of  artillery  is  largely  dependent 
upon  the  state  and  character  of  its  equipment  the  greatest 
care  and  thought  must  be  given  to  developing  all  artillery 
materiel  for  the  future. 

The  foregoing  remarks  are  most  general  in  nature,  but  the 
opinions  expressed  are  based  upon  the  result  of  careful  observa- 
tion and  study.  The  scope  or  limited  length  of  these  notes 
does  not  permit  of  greater  detail,  but  an  attempt  has  been 
made  to  indicate  what  appears  to  be  a  sound  and  reasonable 
policy  to  be  adopted  in  the  more  important  matters  pertaining 
to  the  development  of  our  artillery  for  the  future. 


THE  PICKERING  POLARIS  ATTACHMENT 

By  1st  Lieut,  Roger  Sherman  Hoary  C.  A. 


INTRODUCTION 


The  "Pickering  Polaris  Attachment"  is  a  simple  accessory 
for  an  ordinary  surveyor's  transit.  By  its  means  one  can 
determine  true  north  in  the  field,  at  any  hour  of  the  night, 
with  one  setting  of  the  transit,  without  reference  to  any  books 
or  tables,  and  without  the  necessity  of  knowing  either  the 
latitude  or  the  time  even  approximately.  The  result  will  be 
within  the  allowable  error  of  precision  for  orientation  for 
heavy  artillery. 

The  Attachment  was  evolved  as  a  result  of  a  correspondence 
between  the  author  of  this  report  and  the  late  Professor 
Edward  C.  Pickering,  head  of  the  Harvard  College  Astro- 
nomical Observatory.  In  this.  Professor  Pickering  was  as- 
sisted by  his  associate.  Professor  Willard  P.  Gerrish. 

A  working  model  was  made  at  Harvard  and  thoroughly 
tested  there.  It  is  now  in  the  possession  of  the  Coast  Artillery 
School,  where  it  has  again  been  tested  under  the  direction  of 
successive  Senior  Instructors  of  the  Advanced  Orientation 
Course. 

The  name  "Harvard  Polaris  Attachment"  was  suggested 
by  Professor  Pickering,  because  the  three  co-inventors  are 
Harvard  men  and  the  first  instrument  was  made  and  tested 
at  Harvard;  but  since  his  recent  decease,  it  has  been  named 
in  his  honor. 

Description 

North-determination  by  means  of  the  Pickering  Polaris 
Attachment  is  purely  a  field  method,  no  computations  or 
even  interpolations  being  involved.  The  same  setting  which 
gives  the  azimuth  of  the  reference-line,  also  gives  the  latitude, 
and  could  be  made  to  give  the  sidereal  time  (if  that  were  of 
any  interest  to  the  Artilleryman)  simply  by  graduating  the 
cyUnder  of  the  attachment.     It  bears  the  same  relation  to 
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observation  of  Polaris  by  the  hour-angle  method,  that  the 
Saegmuller  Attachment  does  to  solar  observation;  except  that 
the  Saegmuller  Attachment  requires  a  knowledge  of  the  time 
and  latitude  and  access  to  an  ephemeris,  whereas  the  Pickering 
Attachment  does  not. 

The  Pickering  Attachment  consists  of  a  tube  (similar  to 
the  sunshade)  which  fits  over  the  large  end  of  the  telescope  of 
the  transit,  just  tight  enough  to  allow  free  play.  Tangent  to  a 
ring  around  this  tube  is  a  straight-edge,  with  a  knob  and  the 
letter  "P"  on  one  end.  In  the  tube  is  a  pair  of  prisms  which 
deflect  the  line  of  sight  from  the  line  of  coUimation  by  an  angle 
equal  to  the  mean  polar  distance  of  Polaris.  The  straight- 
edge and  the  prisms  are  so  set  with  relation  to  each  other 
that,  when  the  straight-edge  is  lined  up  with  Polaris  and  0 
Ursae  Minoris  (Polaris  being  at  the  "P"  end)  and  when  the 
intersection  of  the  cross-wires  of  the  transit  is  at  the  same  time 
brought  onto  Polaris,  the  telescope  will  then  be  pointed  at 
the  center  of  the  circle  described  by  Polaris,  i.e.,  the  Celestial 
North  Pole. 

Directions  for  Use 

Set  up  on  the  station  and  set  the  plates  of  the  transit  at 
zero  with  the  transit  pointing  along  the  orienting-line,  whose 
direction  is  to  be  determined.  Put  on  the  Attachment.  By 
sighting  the  telescope  and  rotating  the  Attachment,  bring  the 
intersection  of  the  cross-wires  on  Polaris  at  the  same  time 
that  the  straight-edge  is  lined  up  with  Polaris  and  p  Ursae 
Minoris  (looking  along  the  outside  of  the  telescope).  Remove 
the  Attachment.  The  line  of  sight  is  now  pointed  due  north, 
and  the  azimuth  of  the  reference  line  can  be  easily  read  or 
determined.    The  angle  on  the  vertical  arc  is  the  latitude. 

The  prisms  are  not  achromatic.  The  result  is  that  Polaris, 
instead  of  appearing  as  a  point  of  light,  appears  as  a  thin 
spectrum  having  a  length  of  between  1'  and  2'  of  arc.  As 
the  time  of  year  changes,  or  as  the  instrument  slightly  shifts 
its  adjustment  from  time  to  time,  different  parts  of  the  spec- 
trum can  be  used,  the  correct  part  being  ascertained  from 
time  to  time  by  trial.  It  is  probable  that  when  the  instru- 
ments are  made  in  quantities  and  with  great  care  by  instru- 
ment-makers, a  little  color-card  can  be  issued  with  each  Attach- 
ment showing  the  correct  part  of  the  spectrum  to  use  each 
month. 
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Specifications 
The  accompanying  chart  (Fig.  1)  shows  a  perspective  drawing 
of  the  Attachment  in  place  on  the  end  of  a  transit,  the  rear 
elevation  perpendicular  to  the  axis  of  the  cylinder,  and  a 
cross-section  in  the  "plane  of  sight."  The  Attachment  is 
constructed  as  follows: 


iTTACMdtNT     IN    PLACE. 


1  n.AHt  or  HMJ. 

PICKERING  POL*fi)S  ATTACHMENT. 


A  cylindrical  brass  tube,  about  3  cm.  long  and  1  mm. 
thick,  and  of  an  interior  diameter  to  give  a  slip  fit  (like  a 
sunshade)  over  the  end  of  the  telescope  (this  is  3.7  cm.  for 
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most  telescopes  in  use  at  the  Coast  Artillery  School).  About 
120^  apart  on  the  rear  end  of  the  cylinder  are  three  slits  about 
1.2  cm.  long»  similar  to  those  on  the  sunshade  of  a  transit. 
About  2  cm.  from  the  rear  is  a  flat  ring,  both  inside  and  out, 
3  mm.  wide  and  3  mm.  deep,  supporting  on  the  outside  a 
straight-edge  about  15  cm.  long  and  8  mm.  deep.  The  inner 
ring  serves  as  a  stop  to  prevent  the  Attachment  from  going 
too  far  onto  the  telescope.  The  right-hand  end  of  the  straight- 
edge is  marked  on  the  rear  face  with  the  letter  "P".  From 
the  edge  of  the  straight-edge,  above  the  "P",  there  projects 
a  small  knob  or  pin  about  1.5  mm.  thick  and  3  mm.  high. 

Inside  the  front  end  of  the  cylinder  are  a  pair  of  prisms  of 
ordinary  spectacle-glass,  so  set  that  they  will  deflect  the  line 
of  sight  from  the  axis  of  the  cylinder  by  an  angular  amount  of 
1**  7'  6",  that  being  taken  as  the  average  of  the  second  and 
third  extreme  variations  in  the  polar  distance  of  Polaris  fol- 
lowing the  assumed  date  of  adjustment  (August,  1919).  The 
"plane  of  sight,"  i.e.,  the  plane  determined  by  the  line  of 
sight  and  the  refracted  line  of  sight,  intersects  the  P-end  of 
the  straight-edge  at  an  angle  of  18^  22^  that  being  taken  as  a 
similar  average  with  respect  to  the  value  of  Z  A  of  the  Astro- 
nomical Triangle.  The  reason  for  these  averages  is  explained 
later  herein.  The  prisms  are  held  in  place  between  an  inner 
ring  (secured  by  three  screws  driven  thru  the  cylinder)  and  a 
cap  (screwed  onto  the  front  end  of  the  cylinder)  any  spaces 
being  filled  with  wax. 

All  adjustments  should  be  made  on  the  yellow  of  the  spec- 
trum. 

Problem  of  Adjustment 

But  now  the  serious  problem  of  adjustment  presents  itself. 
On  account  of  the  nearness  of  Polaris  to  the  Pole,  its  right 
ascension  and  polar  distance  are  changing  rapidly  and  exten- 
sively. 0  Ursae  Minoris  is  also  changing,  altho  not  at  such 
a  rate  as  Polaris. 

Let  us  first  consider  the  changes  in  polar  distance  of  Polaris. 
This  has  one  maximum  and  one  minimum  in  each  year.  Let 
us  assume  that  the  Attachment  is  to  be  adjusted  in  August, 
1919,  for  a  period  of  two  years.  During  those  two  years,  and 
part  of  the  next,  the  polar  distance  of  Polaris  will  have  the 
following  extreme  values: 
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Date  Polar  Distance 

Jan.     22,  1920  r  6'  57" 

June    28,  1920  V  7'  30" 

Jan.     24,1921  1*»  6' 41" 

July       1,  1921  VT  14" 

Jan.     27,  1922  r  6'  25" 

(N.B.  All  star  places  for  1921  and  1922  are  merely  esti- 
mated, ephemerides  not  being  available.) 

The  average  of  the  two  extremest  of  these  is  :1**  7'  5".  Let 
us  adopt  that  as  the  setting  for  the  prisms.  We  shall  then 
have  the  following  successive  extreme  variations,  with  the 
resulting  errors  in  azimuth  (maximum  at  elongation  at  50** 
latitude) : 

Date  Var.  from       Max.  Error 

Setting  in  Az. 

Jan.     22,  1920     -  8"  ... .         13" 

June    28,  1920    25"     ...  -38" 

Jan.     24,  1921     -24"  ....         38" 

July       1,  1921     9"     ...  -13" 

Jan.     27,  1922     -40"  ...         63" 

Thus  the  Attachment  must  be  readjusted  some  time 
between  July  1,  1921  and  Jan.  27,  1922.  From  the  symmetry 
of  the  foregoing  table,  one  will  see  if  the  Attachment  were 
readjusted  on  July  1,  1921,  it  would  thereby  then  have  an 
error  of  about  —63",  i.e.,  an  error  opposite  and  about  equal 
to  that  which  it  would  have  if  left  unadjusted  until  Jan.  27, 
1922.  Therefore,  the  correct  time  to  readjust  is  as  nearly  as 
possible  midway  between  July  1,  1921  and  Jan.  27,  1922,  i.e., 
about  Oct.  4,  1921. 

Let  us  now  consider  the  adjustment  of  the  angle  between 
the  straight-edge  and  the  plane  of  sight.  This  is  based  upon 
the  angle  A  of  the  Astronomical  Triangle.  By  far  the  pre- 
ponderating factor  in  changes  in  the  size  of  Z  A,  is  changes 
in  the  size  of  Z  P,  which  in  turn  depends  upon  changes  in  the 
right  ascensions  of  Polaris  and  /3  Ursae  Minoris. 

In  the  Astronomical  Triangle  of  the  accompanying  chart, 
P  is  the  Celestial  North  Pole,  A  is  Polaris  and  B  is  /3  Ursae 
Minoris.  a  is  the  polar  distance  of  p  Ursae  Minoris,  and  b 
is  the  polar  distance  of  Polaris.  P  equals  the  R.A.  of  Polaris 
minus  the  R.A.  of  /3  Ursae  Minoris.  The  triangle  is  solved 
for  Z  A  by  means  of  the  following  formulas : 
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tan  H  (A+B)  =  cos  J/^  (a-b)  cot  H  P 


cos  J^  (a+b) 

tan  3^  (A-B)  =  sin  H  (a-b)  cot  HP 

sin  H  (a+b) 

a  and  b  exercise  a  minor  effect  on  changes  in  the  size  of  Z  A, 
but  Z  A  is  always  the  largest  when  Z  P  is  the  smallest,  and 
vice  versa. 

During  the  two  years  following  August,  1919,  Z  P  will  have 
the  following  extreme  values  (with  which  are  tabulated  the 
values  for  a  and  b  for  the  same  days) : 


Date 

P 

a             b 

Oct. 

28,  1919 

lOh  42m  13.72s 

15°  30'  57.42"  r  7'  16.61" 

Apr. 

14,  1920 

lOh  40m  11.64s 

15°  31'  15.39"  r  7'  30.35" 

Oct. 

29,  1920 

lOh  42m  49.23s 

15°  31'  10.08"  1°  6'  59.97" 

Apr. 

17,  1921 

lOh  40m  45.77s 

15°  31' 27.39"  1°7'  1.00" 

Nov. 

2,  1921 

lOh  43m  21.74s 

15°  31'  22.08"  1°  6'  44.63" 

Solving  the  foregoing  formulas  with  this  data,  the  following 
values  for  Z  A  are  found: 

Date  A 

Oct.     28,  1919  18°  11.1' 

Apr.     14,  1920  18°  39.8' 

Oct.     29,  1920  18°    3.2' 

Apr.     17,  1921  18°  32.0' 

Nov.     2,  1921  17°  55.8' 

The  average  of  the  two  extremest  of  these  is  18°  21.5'. 
Let  us  adopt  this  as  the  setting  for  the  straight-edge.  We 
shall  then  have  the  following  successive  extreme  variations, 
with  the  resulting  errors  in  azimuth  (maximum  at  culmination 
at  50°  latitude) : 


Date 


Var.  from      Max.  Error 


Setting 

Oct.     28,  1919     - 10.4' 

Apr.     14,  1920     18.3' 

Oct.     29,  1920     ......      - 18.3' 

Apr.     17,  1921     10.5' 

Nov.     2,  1921     -25.7' 


in  Az. 
19" 
34" 
34" 
20" 
48" 


The  last  is  enough  error  to  necessitate  readjustment  of  the 
straight-edge. 
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By  the  same  reasoning  employed  in  the  case  of  the  prisms* 
we  see  that  the  ideal  time  to  readjust  the  straight-edge  would 
be  midway  between  April  17,  1921,  and  Nov.  2,  1921,  i.e., 
July  26,  1921.  The  ideal  date  for  readjustment  of  the  prisms 
was  Oct.  4,  1921.  Some  time  between  these  two  dates,  then, 
would  be  the  best  time  to  make  both  adjustments  simultane- 
ously. This  should  be  repeated  biennially.  To  get  the  cor- 
rect setting  for  the  biennial  adjustment  take  the  average  of  the 
second  and  third  extremes  following  the  date  of  adjustment. 

One  should  remember  that  the  foregoing  are  extreme  cases, 
at  extreme  times  of  the  year,  in  extreme  latitudes  and  at 
extreme  parts  of  the  orbit  of  Polaris.  The  fact  that  the  two 
causes  of  error  have  their  maximum  effect  one  at  elongation 
and  one  at  culmination,  and  at  different  times  of  the  year, 
makes  it  certain  that  the  combined  effect  of  both  will  never 
be  as  bad  as  the  single  effect  of  one  at  its  worst.  At  30®  latitude 
the  error  is  less  than  %  what  it  is  at  50°.  The  two  sources  of 
error  are  as  likely  as  not  to  counteract  each  other.  So  that 
the  average  error  is  apt  to  be  around  10",  and  the  extreme  error 
not  over  40".  Error  can  be  largely  eliminated  by  an  intelli- 
gent use  of  the  spectrum,  and  can  be  eliminated  entirely  by 
averaging  the  results  of  two  sets  of  observations  taken  nearly 
twelve  hours  apart. 

In  view  of  the  just-discussed  need  of  biennial  readjustment, 
it  would  be  well  to  provide  the  Attachment  with  two  adjust- 
ing screws;  but  these  should  be  so  placed  that  they  cannot  be 
tampered  with,  except  by  experts  at  the  times  of  biennial 
readjustment. 

Conclusion 

The  Pickering  Attachment  presents  the  simplest  possible 
method  of  north-determination.  It  should  be  very  inexpensive 
to  manufacture.  If  adjusted  biennially,  its  extreme  error  will 
be  well  within  the  limits  of  precision  necessary  to  Heavy 
Artillery  orientation,  and  its  average  error  in  practice  will  be 
negligible  and  easily  reducible  to  zero. 

For  Field  Artillery,  the  Pickering  Attachment  is  suflS- 
ciently ^precise  to  become  the  sole  method  of  astronomical 
north-determination. 
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Journal  of  the  U.  S.  Artillery,  Past  and  Future 

The  Journal  was  founded  in  1892,  being  evolved  from  the 
demands  of  necessity.  In  the  artillery  today  there  are  many 
whose  careers  started  long  since  the  Journal's  beginning. 
It  is  fitting  and  proper  that  these  new  artillerymen  should 
understand  how  the  Journal  came  to  be  established,  some- 
thing of  its  past  history,  and  especially  the  relation  between 
the  Journal  and  the  individuals  of  the  Corps. 

Until  the  late  80's,  artillery  sentiment  was  an  absent 
quantity.  The  artillery  was  little  known  at  home  and  not 
at  all  abroad.  In  1887  there  was  a  meeting  of  the  Artillery 
Council  at  Governors  Island,  which  indicated  an  awakening 
from  a  long  period  of  hibernation,  and  certainly  influenced 
subsequent  events.  Shortly  after  this,  efforts  were  made  to 
establish  an  artillery  association.  These  efforts  failed,  but 
nevertheless  demonstrated  conclusively  the  need  of  a  medium 
for  the  exchange  of  ideas.  As  a  result,  in  1891  a  number  of 
artillery  oflScers,  believing  that  a  pubUcation  should  be  pro- 
vided for  technical  artillery  literature,  arranged  for  the  quar- 
terly publication  of  the  Journal  of  the  U.  S.  Artillery. 
This  publication  was  to  be  devoted  strictly  to  the  presentation 
and  discussion  of  subjects  and  problems  pertaining  to  artillery, 
especially  Coast  Artillery.  In  this  way,  due  to  the  wise 
action  of  these  progressive  pioneers,  we  of  the  artillery  came 
to  possess  ''a  medium  of  intercommunication  under  our  own 
control  and  devoted  with  an  eye  single  to  the  interest  of  our 
own  arm." 

In  those  days  there  were  only  five  regiments  of  artillery, 
containing  288  oflScers.  Now  there  are  over  1200  conunis- 
sioned  officers  in  the  regular  Coast  Artillery  Corps  alone. 
Too  much  credit  cannot  be  given  the  handful  of  artillery 
officers,  and  especially  the  editors  of  the  Journal,  who, 
handicapped  by  lack  of  funds,  and  facing  the  problem  of 
securing  active  co-operation  and  support  from  an  artillery 
organization  lacking  in  esprit,  successfully  guided  the  Journal 
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through  its  arduous  early  days.  They  laid  the  foundation 
which  insured  the  permanency  of  the  Journal  and  developed 
a  magazine  which  has  taken  a  high  position  among  technical 
pubUcations  at  home  and  abroad.  A  publication,  moreover, 
which  has  become  an  important  source  of  professional  infor- 
mation to  the  Coast  Artillery  service  at  large  and  has  enabled 
the  personnel  throughout  the  Coast  Artillery  to  keep  posted 
on  current  artillery  thought  and  methods.  In  fact,  the 
present  efficiency  of  our  Corps  is  in  no  small  measure  due  to 
the  influence  of  the  Journal. 

Thirty  years  ago  great  problems  were  in  the  foreground. 
These  problems  have  continuously  been  presented  and  dis- 
cussed in  the  Journal  in  no  uncertain  terms,  and  many  of 
these  problems  have  been  successfully  solved.  There  has 
been  a  long  period  of  uninterrupted  progress  in  which  the 
Journal  has  been  a  medium  for  bringing  order  out  of  chaos. 
There  are  now  great  problems  before  us:  organization  and 
training,  new  materiel  and  armament,  correction  of  fire  by 
observation,  use  of  balloons  and  aircraft  in  coast  defense, 
and  many  others,  not  the  least  of  which  is  the  education  of 
the  large  number  of  enlisted  specialists  and  newly  commis- 
sioned officers  in  the  work  of  coast  artillerymen. 

The  aim  and  purpose  of  the  Journal  is  to  publish  discus- 
sions relative  to  the  problems  that  are  now  before  us;  problems 
that  we  must  solve  if  we  are  to  take  those  strides  which  are 
indicative  of  a  live,  progressive  Corps.  Its  pages  are  available 
for  a  free  and  open  discussion  of  all  matters  affecting  the 
Coast  Artillery  Corps.  It  is  only  by  such  discussion  that  the 
best  results  will  be  obtained  and  the  most  searching  study  of 
Artillery  matters  will  be  possible.  To  accomplish  these 
results  it  must  not  be  forgotten  that  the  Journal  is  now,  as 
in  the  past,  a  medium  of  intercommunication  for  the  whole 
Corps.  Neither  the  School  Board,  nor  the  editorial  staff, 
nor  any  one  individual  can  make  the  Journal  what  the  Corps 
wants  it  to  be.  This  can  be  obtained  only  by  the  active  and 
continuous  co-operation  and  interest  of  all  individuals  through- 
out the  service. 

Our  experienced  officers,  each  and  every  one,  have  a  duty 
to  perform  in  assisting  in  the  future  development  of  the  Corps 
and  in  the  education  of  our  new  personnel.  To  you  we  say, 
give  the  Corps  the  benefit  of  your  experience  and  ideas.  The 
medium  for  accomplishing  this  is  the  Journal. 
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The  younger  oflScers  must  not  only  study  and  learn,  but 
must  prepare  themselves  for  guiding  the  destinies  of  the  Corps 
in  future  years.  To  you  we  say,  "reading  maketh  a  full  man, 
conference  a  ready,  and  writing  an  exact  man."  Therefore 
read,  and  when  you  think  you  can  write,  do  it,  don't  wait, — 
we  need  your  ideas  and  we  want  your  manuscript. 


Good  Counsel 

In  the  Journal  of  the  U.  S.  Artillery  for  September- 
October,  1912,  there  appeared  an  article  giving  the  history  and 
development  of  the  Journal,  written  by  General  John  W. 
Ruckman,  U.  S.  Army.  In  concluding  the  article.  General 
Ruckman  said  as  follows: 

"Let  not  the  personnel  of  the  Coast  Artillery  Corps,  which 
has  done  so  well,  ever  become  self-satisfied,  for  in  that  condi- 
tion of  mind  progress  ceases  and  efficiency  dies.  The  Coast 
Artillery  is  no  longer  a  small  body  of  men  with  unimportant 
duties  incompatible  with  the  object  of  its  being,  but  a  large 
and  efficient  corps  with  well-defined  functions  and  broad 
fields  of  opportunity.  It  has  now  before  it  great  problems 
and  obligations;  small  views  of  administration  and  instruction 
will  no  longer  suffice —  the  methods  thereof  must  be  adjusted 
to  big  propositions.  The  Corps  is  now  grappling  with  prob- 
lems whose  proper  solution  will  affect  the  history  of  the  world, 
and  narrow-gauge  policies  will  not  fill  the  requirements. 

"Work  steadfastly  to  supply  the  needs  of  the  service. 
Maintain  a  broad  and  generous  appreciation  of  the  good  work 
of  the  other  branches,  and  banish  all  narrow,  petty  jealousies 
that  sometimes  rise  to  mar  good  relations.  Efficient  officers 
cannot  afford  to  be  narrow. 

"'Labor  always  for  efficiency  and  take  a  loyal  pride  in  high 
achievement.  Work,  singly  and  collectively,  to  promote 
teamwork,  which  alone  will  secure  great  results. 

"Do  not  kill  off  all  the  *old*  men  too  rapidly.  Young  men 
with  energy  and  advanced  ideas  are  invaluable  in  any  organiza- 
tion, but  the  old  men  possess  wisdom  gained  through  ex- 
perience which  is  indispensable  to  all  successful  undertakings. 
Officers  of  the  latter  class  are  better  qualified  than  the  former 
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to  discern  shoals  ahead  and  avoid  them,  and  by  their  poise 
act  as  a  balance-wheel  to  the  pent-up  energy  of  the  younger 
men.  These  at  least  are  the  views  of  one  who  has  knowledge 
of  both  classes,  and  has  had  experience  in  both  capacities." 

In  these  days  of  reorganization,  the  words  of  advice 
quoted  above  are  of  even  more  importance  than  they  were  in 
1912.  It  behooves  us  all  to  study  these  remarks  carefully 
and  to  profit  by  them. 


Design  of  Projectiles 

The  Ordnance  Department  has  recently  made  some  valuable 
improvements  in  the  design  of  projectiles.  In  one  instance, 
a  slight  alteration  of  the  rotating  band  increased  the  range 
about  30  per  cent,  and  gave  a  very  remarkable  decrease  in 
dispersion.  A  subsequent  redesign  of  the  entire  shell  resulted 
in  the  attainment  of  a  range  60  per  cent  greater  than  that  of 
the  original  shell  and  a  reduction  in  dispersion  to  less  than 
one-sixth  of  that  obtained  with  the  original  shell.  Another 
redesign   is  being  made,  from  which  further  gains  are  expected. 

Many  factors  to  which  no  particular  importance  has 
heretofore  been  attached  have  been  proved  to  exert  a  pro- 
found influence  on  the  flight  of  a  shell.  The  whole  subject 
of  air-resistance  and  the  retardation  of  projectiles  of  various 
types  is  undergoing  a  thorough  investigation,  and,  as  a  result 
of  many  very  interesting  experiments,  it  is  possible  that 
projectile  design  will  cease  to  be  an  empirical  subject  and  may 
for  the  first  time  in  history  become  an  exact  science.  Inter- 
esting data  is  now  being  collected  concerning  this  subject,  so 
that  in  the  near  future  it  will  be  possible  to  publish  an  article 
giving  reliable  information  concerning  the  design  of  pro- 
jectiles. 


Coast  Defense  Armament 

The  first  general  board  convened  in  the  United  States  to 
determine  the  character  of  its  coast  defenses  was  the  "Board 
on  Fortifications  or  Other  Defenses,"  more  generally  known 
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as  the  Endicott  Board,  appointed  under  an  Act  of  Congress  in 
1885.  This  board  made  a  thorough  study  of  the  subject  and 
submitted  a  report  in  1886,  giving  a  list  of  the  places  to  be 
fortified  and  the  character  of  the  defenses  at  each  place.  At 
the  time  of  this  recommendation  there  were  no  steel  seacoast 
guns  except  one  8-inch  experimental  gun,  and  there  were  only 
a  few  12-inch  cast-iron  mortars.  The  first  10-inch  gun  was 
constructed  in  1890,  and  the  first  12-inch  gun  in  1891.  The 
first  disappearing  carriage  of  the  modem  type  was  completed 
for  the  8-inch  gun  in  1893,  and  for  the  10-inch  gun  in  1894. 
Although  the  Endicott  report  called  for  certain  armored  case- 
mates and  turrets,  no  plans  had  been  made  for  their  con- 
struction. The  report  also  provided  for  submarine  mines,  a 
limited  number  of  searchlights,  and  mine  defense  guns.  As  a 
matter  of  fact,  the  only  part  of  this  proposed  system  of  defense 
which  could  be  installed  was  the  submarine  mine  defense. 
The  data  upon  which  the  board  worked  was  based  on  foreign 
artillery  and  war  vessels  of  the  time,  so  that  it  is  natural  that 
many  changes  were  later  made  in  the  proposed  scheme  of 
defense.  However,  from  1886  to  date,  the  defenses  con- 
structed in  the  United  States  have  followed  the  general  recom- 
mendations of  this  board,  being  modified  with  the  develop- 
ment of  the  means  of  defense.  In  the  meantime,  the  adoption 
of  the  disappearing  carriage  although  not  favored  by  many, 
as  the  approved  type  became  a  settled  policy,  and  it  may 
also  be  said  that  the  12-inch  gun  was  regarded  as  the  type 
coast  defense  gun.  Between  1885  and  1905  the  United 
States  had  secured  a  number  of  colonial  possessions  whose 
defense  it  was  necessary  to  consider.  This,  together  with 
an  evident  necessity  of  revising  the  recommendations  of  the 
Endicott  Board,  Influenced  the  President  to  appoint,  in  1905, 
the  "National  Coast  Defense  Board,"  better  known  as  the 
Taft  Board.  The  purpose  of  this  board  was  "to  recommend 
the  armament,  fixed  and  floating,  mobile  torpedoes,  submarine 
mines,  and  all  other  defensive  appliances  that  may  be  neces- 
sary to  complete  the  harbor  defense  with  the  most  economical 
and  advantageous  expenditure  of  money." 

The  list  of  places  recommended  for  fortification  by  the 
Taft  Board  is  as  follows : 

Home  Ports 

Kenebec  River,  Me.  Southern  Entrance  to  Key  West,  Fla. 

Portland,  Me.  New  York  Harbor.  Tampa,  Fla. 
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Portsmouth,  N.  H. 
Boston,  Mass. 
New  Bedford,  Mass. 
Nairagansett  Bay,  R.  I. 
Eastern  Entrance  to 

Long  Island  Sound. 
Eastern  Entrance  to 

New  York  Harbor. 


Delaware  River. 
Baltimore,  Md. 
Entrance  to  Chesapeake 

Bay. 
Hampton  Roads.  Va. 
Potomic  River. 
Cape  Fear  River. 
Charleston,  S.  C. 
Savannah,  Ga. 


Pensacola.  Fia. 
Mobile,  Ala. 
Mississippi  River. 
Galveston,  Tex. 
San  Diego,  Cal. 
San  Francisco,  Cal. 
Columbia  River. 
Puget  Sound. 
Lake  Ports. 


DlSTA.'JT    POBTS 

Pearl  Harbor  and  Hono-  Manila  Bay,  P.  L 

lulu,  Hawaii.  Subic  Bay,  P.  L 

Island  of  Guam.  Kiska  Island,  Alaska. 


Guantanamo,  Cul>a. 
San  Juan,  Porto  Rico. 
Entrances  to  the  Pana- 
ma Canal. 

Subsequently  San  Pedro,  California,  the  principal  port  of 
the  Los  Angeles  district,  was  added  to  the  list. 

It  should  be  carefully  noted  that  the  recommendations  of 
this  board  were  directed  toward  the  accomplishment  of  harbor 
defense.  Some  14-inch  guns  and  one  16-inch  gun  were  recom- 
mended for  an  emplacement.  The  disappearing  carriage  was 
still  the  approved  type,  and  the  entire  scheme  contemplated 
the  mounting  of  armament  in  fixed  emplacements. 

More  recently  the  Board  oj  Review  of  the  War  Department 
has  submitted  a  revised  Coast  Defense  project,  which,  as 
approved,  provides  for  the  addition  of  the  following  armament 
to  the  coast  defense  system  of  the  United  States,  Panama 
Canal  and  Insular  Possessions: 

26  16-inch  rirtes 

36  12-inch  rifles  {long  range) 
23      6-inch  rifles 
4      3-inch  rifles 

60  16-inch  mortars. 

A  committee  from  the  Office  of  the  Chief  of  Coast  Artillery 
is  now  making  a  study  of  this  approved  project  with  a  view 
to  making  it  conform  to  late  developments  in  artillery  and  to 
making  use  of  certain  materiel  now  on  hand  in  this  country 
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the  adoption  of  the  Barbette  type  of  carriage  for  this  class 
of  armament. 

(b)  It  is  desirable  that  a  part  of  the  coast  defense  arma- 
ment should  be  mobile  so  that  the  adoption  of  a  railroad  mount 
is  warranted.  The  14-inch,  50  caliber  gun  may  be  mounted 
on  a  railway  carriage  and  has  sufficient  power  and  range  to 
make  it  an  effective  coast  defense  weapon.  It  is  doubtful 
whether  50  caliber  guns  of  larger  caliber  than  14-inch  can  be 
given  railroad  mounts. 

(c)  On  islands  not  connected  by  rail  with  the  mainland, 
and  other  places  where  mobility  is  of  no  importance,  the  50 
caliber  16-inch  gun  is  considered  the  best  type. 

(d)  It  is  believed  that  the  14-inch  projectile  will  success- 
fully attack  any  deck  protection  to  be  given  to  battleships. 
The  advantages  of  limiting  the  size  of  the  gun  to  the  caliber 
which  will  give  successful  attack  are  manifest.  On  this  basis 
the  14-inch  howitzer  on  railroad  mount  may  be  accepted  as  the 
type  coast  defense  armament  of  this  particular  class. 

(e)  Since  the  requirements  of  seacoast  defense  do  not 
demand  the  adoption  of  any  particular  caliber  of  intermediate 
armament,  and  since  considerations  of  mobility  and  field 
service  are  the  deciding  factors  in  this  question,  the  interme- 
diate armament  should  be  secured  from  mobile  artillery  pro- 
vided with  suitable  ammunition  for  coast  defense  purposes. 
Carriages  permitting  of  rapid  traverse  may  be  required ;  this 
feature  will  also  be  as  valuable  for  field  work  as  for  coast 
defense. 

♦       ♦      ♦ 

Test  of  12-Inch  Gun  on  Sliding  Railway  Mount 

A  test  of  the  12-inch  gun  on  sUding  railway  mount  for  the 
purpose  of  determining  whether  the  employment  of  this  type 
of  mount  is  practicable  for  coast  defense  purposes  will  be 
conducted  at  an  early  date.  The  tests  will  be  conducted  with  a 
view  to  determining  the  following: 

(a)  The  normal  rate  of  sustained  fire  which  may  be  ex- 
pected with  this  type  of  mount. 

(b)  The  system  of  laying  which  is  best  adapted  for  use 
with  this  mount. 

(c)  Defects  of  matferiel. 

(d)  Whether  there  are  any  minor  alterations  which  can 
be  made  which  will  increase  the  efficiency  of  the  mount. 

(e)  Whether  any  special  system  of  fire  control  is  necessary. 
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The  Boat  Tail  Bullet 
By  J.  R.  Bevis,  M.Sc,  Ph.  D. 

After  months  of  laborous  research  and  experimenting  to  prove  or  dis- 
prove my  mathematical  deductions  concerning  that  shape  of  the  head  of 
a  bullet  that  would  give  the  greatest  ballistic  efliciency,  I  proved  that  the 
para-ogival,  as  illustrated  here — a  cross  between  the  paraboloidal  and  ogival 
— a  combination  of  the  two  was  superior  in  ballblic  etlicicncy  to  the  para- 
boloidal, the  ogival,  or  the  conical. 


f  do  not  regret  having  devoted  so  much  labor  to  that  subject,  because  I 
wanted  not  only  a  rigorous  mathematical  but  a  demonstrable  proof  of  the 
ballistic  qualities  of  the  several  shaped  heads  as  well  as  to  have  the  satis- 
faction to  know  that  my  deductions  were  correct;  not  that  my  deduction 
may  be  final,  for  another  shape  of  head  may  be  evolved  that  will  prove 
superior  to  any  of  these  mentioned.  But  this  much  is  an  indisputable  fact — 
the  higher  degree  of  ballistic  efficiency  that  any  other  head  that  may  be 
evolved  can  only  be  modest  indeed,  for  the  limit  in  etficiency  is  dangerously 
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near.  Any  further  research  along  that  line  will  hardly  be  compensated  by 
practical  results. 

Since  the  limit  of  efficiency  of  the  head  of  a  bullet  is  practically  reached 
and  the  ballistic  coefficient  "C"  of  our  rifle  bullets  is  low,  research  along  other 
lines  has  likewise  brought  its  reward  to  a  higher  degree.  So  after  having 
devoted  many  months  to  the  study  of  the  boat  tail  bullet  I  give  herewith 
some  deductions  that  may  be  both  interesting  and  surprising.  These 
deductions  are  purely  mathematical  and  have  not  been  verified  by  experi- 
ment, but  so  assured  am  I  that  experiment  will  practically  verify  these 
deductions,  that  I  have  postponed  that  part  of  the  work  until  a  more  oppor- 
tune time. 

Figure  1  is  a  photo  of  a  high  velocity  spitzer  bullet  in  its  flight.  The 
photograph  shows  vividly  the  bow  wave,  condensations  and  rarefactions, 
the  vacuum  just  behind  the  bullet,  and  the  trough  with  eddies  of  air  lying 
in  the  wake.  A  vacuum,  if  any,  offers  a  force  of  15  pounds  per  square  inch 
of  the  base  of  the  bullet  opposed  to  its  forward  translation. 

But,  is  there  any  proof  that  a  vacuum  exists  in  the  wake  of  a  bullet  of 
high  velocity?  Certainly.  Near  sea  level,  air  rushes  in  to  fill  a  vacuum  at 
the  rate  of  1160  feet  per  second,  and  varies  with  the  temperature  and  pressure 
and  humidity.  It  is  evident  that  when  the  forward  motion  of  the  bullet 
is  greater  than  the  velocity  of  the  inrushing  air  a  vacuum  exists  which  extends 
backward  in  the  shape  of  a  truncated  cone  an  approximate  distance  which 

V 
equals—  x  radius  of  the  bullet,  when  "V"  is  the  velocity  of  the  bullet  and 

•  V*  the  velocity  of  the  inrushing  air.  The  length  of  the  vacuum  decreases 
until  the  velocity  of  the  bullet  equals  approximately  the  velocity  of  the 
inrushing  air  when  a  vacuum  is  replaced  with  a  high  degree  of  rarefaction. 

Another  proof,  tho  indirect,  of  the  existence  of  a  vacuum  is — that  the 
value  of  **n",  which  denotes  the  resistance  of  the  air  as  a  power  of  the  velocity 
(Page  43,  BAD,  Practical  Exterior  Ballistics)  is  greatest  when  the  velocity 
of  the  bullet  is  near  1160  f.s.  (970  to  1230  f.s.).  This  is  strong  evidence  that 
the  law  of  air  resistance  is  very  intimately  connected  with  the  velocity  of 
sound  and  is,  therefore,  corroborative  evidence  of  an  existing  vacuum. 

To  simplify  our  mathematics  I  shall  use  the  Newton:  Caliber,  30; 
weight,  150;  velocity,  3208;  ballistic,  coefficient,  C;  389;  because  the  value 
of  "n",  the  power  of  the  velocity  is  the  same  both  for  the  muzzle  velocity 
and  the  remaining  velocity  at  200  yards,  and  equals  1.55. 

The  resistance  of  the  air  is  calculated  by  the  formula  ** 

g 

The  approximate  average  velocity  over  the  200  yard  range  equals  i 
(3208+2707)  or  2957  f.s. 
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log  A       -  3.60905 

log  .595  -  r.  77452 

2  log  .304  ="2.96574 
1.55  log  2957  =  5.37982 


1 . 72913 
log  32. 16  -  1.50732 


logRs  =«     .22181 
Hence.  Rs  -  1.667  ft.  lbs. 

And  the  retardation  of  the  bullet  is  calculated  by  the  formula 

A  V° 
Rt.— 

log  A  -3.60905 
1.55  log  2957  »  5.37982 


2.98887 
log  C-.389  -  r.  58995 


logRt  -  3.39892 
Hence,  Rt  -  2505.6  f.s. 

That  is,  a  resistance  of  1.667  ft.  lbs.  acting  thru  a  space  of  one  second  will 
produce  a  retardation  of  2505.6  f.s.  in  the  velocity  of  the  bullet.  But  the 
time  of  flight  over  the  200  yard  range  is  only  0.2  second,  so  the  retardation 
for  that  time  will  be  501.12  f.s.  which  equals  exactly  the  loss  in  velocity, 
and  this  was  to  be  expected. 

The  resistance  of  1.667  lbs.  is  the  combined  influence,  in  this  case,  of  the 
actual  resistance  offered  by  the  air  upon  the  head  and  body  of  the  bullet 
plus  the  retarding  influence  of  the  vacuum  lying  in  its  wake.  Since  the  area 
of  the  base  of  the  bullet  under  consideration  is  0.07  sq.  in.  the  influence  of 
the  vacuum  will  equal  1.05  lbs.  which  subtracted  from  the  actual  resistance 
of  1.667  lbs.  leaves  0.617  lbs.  the  resistance  offered  by  the  head  and  body. 

Assuming  that  there  is  no  opposing  force  in  the  wake  of  the  buUet,  i.e., 
neither  vacuum  or  rarefaction,  then  the  retardation  that  would  be  produced 

fil  7 

by  the  resistance  upon  the  head  and  body  would  only  equal  t-tt-   X  501  f.s. 

1.667 

or  185  f.s.  as  against  501  f.s.  over  the  same  range,  and  the  remaining  velocity 
at  200  yards  would  be  3020  f.s.    Then  by  the  formula 


S(v)-S(V) 


Omitting  the  atmospheric  coefficients,  we  have  Cai.07  in  striking  con- 
trast to  its  value  0.389. 

For  the  sake  of  perspicuity  I  give  the  following  comparative  ballistics* 
R  is  regular  bullet,  and  B  the  boat  tail  bullet  having  no  opposing  force  in  its 
wake: 
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R  vel.  B  vcl.  R  time  B  time  R  ht.  of  T  B  ht.  ofT 

Muzzle 3208  3208  ....  ....           ....           .... 

200  yds 2707  3020  .204  .193          .166          .149 

500  yds 2049  2746  .586  .506        1.37          1.02 

1000  yds 1223  2325  1.56  1.10          9.73          4.84 

If  our  service  bullet  were  similarly  constructed,  under  the  same  assump- 
tion, the  highest  point  in  its  1000  yd.  trajectory  would  be  6.97  ft.  as  against 
its  present  height  of  14.5.  If  these  deductions  are  true,  and  I  see  no  reason 
for  their  not  being  so,  the  results  obtained  by  using  a  boat  tail  bullet  is  well 
worth  the  strenuous  effort  and  research  to  evolve  the  best. 

However,  the  difficulty  in  bringing  out  such  a  bullet  will  be  small  as 
compared  with  that  to  be  encountered  in  translating  it  thru  the  barrel,  if  a 
pointed  tail  is  used,  for  a  boat  tail  bullet  so  constructed  as  to  eliminate  the 
vacuum  presupposes  that  the  tail  come  to  a  point,  not  unlike  C'RP',  Fig.  2. 

The  French  Balle  D,  a  flat  base  boat  tail  bullet,  CC  PEF'  F,  and  some 
projectiles  of  our  artillery  having  somewhat  similar  tails,  have  proved  their 
superiorty  by  actual  demonstration. 

That  part  of  the  bullet  BC  and  DP,  Fig.  2  which  comes  in  contact  with 
the  wall  of  the  bore  should  end  abruptly  in  order  that  as  the  bullet  leaves 
the  muzzle  the  bearings  against  the  wall  of  the  bore  will  cease  at  the  same 
instant  on  all  sides,  so  that  the  bullet  will  not  be  deflected  by  the  longer 
contact  of  any  one  point  with  the  wall  of  the  bore.  If  the  bearing  surface 
of  the  bullet  terminate  at  CF  the  offset  CC  or  FF'  should  be  made  square 
with  the  longitudinal  axis,  and  made  as  true  as  it  is  possible  to  make  it.  The 
shoulder  CC  FF'  forms  a  gas  check  also,  and  by  virtue  thereof  its  depth 
should  not  vary  greatly  from  the  depth  of  the  groove. 

If  the  element  of  that  surface  of  that  head  which  offers  the  least  resistance 
is  a  curve,  then  the  element  of  the  surface  of  that  tail  which  offers  the  least 
resistance  to  the  lateral  thrust  could  not  be  like  that  element  of  the  head 
which  offers  the  least  resistance  for  the  reason  that  the  angle  of  incidence 
of  the  lateral  thrust  upon  the  tail  body  is  not  and  cannot  be  like  the  angle 
of  incidence  upon  the  head.  To  state  the  law  generally,  that  shape  of  head 
which  offers  the  least  resistance  would  not  offer  the  least  resistance  if  used 
in  the  construction  of  the  tail.  Mechanically  and  mathematically  it  may 
be  shown  that  the  circumscribing  element  of  the  surface  of  the  tail  should 
be  a  straight  line,  cT,  Fig.  2. 

In  Fig.  1  the  rarefaction  behind  the  bow  wave  is  evident.  The  velocity 
of  the  inrushing  air  from  a  rarefaction  to  fill  a  vacuum  is  in  inverse  ratio  to 
the  degree  of  rarefaction,  which  in  this  case,  varies  as  the  altitude,  the 
velocity  of  the  bullet,  the  shape  of  its  head,  etc.  If,  however,  this  degree  of 
rarefaction  could  be  determined  the  problem  of  evolving  the  tail  for  the 
bullet  will  have  had  a  good  beginning. 

We  may  call  the  angle  Ac'R  the  critical  angle  of  taper,  since  the  element 
c'R  theoretically  is  the  dividing  line  between  the  vacuum  and  the  rarefied 
air.  For  the  sake  of  tolerance  the  efficient  angle  of  taper,  AcT,  must  be 
less  than  the  critical  angle  of  taper,  which  for  the  Springfield  .30,  150  gr. 
bullet  having  2500  f.s.  velocity  is  approximately  14  degrees.  For,  if  the 
angle  of  taper  was  equal  to  or  greater  than  the  critical  angle  the  purpose 
desired  would  be  defeated.    The  fact  of  which  is  apparent. 

It  is  not  difficult  to  determine  the  rarefaction  around  the  body  and  tail, 
given  the  description  and  velocity  of  the  bullet,  and  then  determine  the 
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critical  angle  taper;  but  it  is  a  little  difficult  to  determine  the  maximum 
value  of  the  angle  of  taper,  or  its  value  when  it  is  most  efficient,  since  its 
value  depends  upon  the  angle  of  departure  and  angle  of  fall,  the  velocity 
of  the  bullet  and  upon  the  value  of  C,  into  which  it,  itself,  enters.  To  put 
it  differently,  the  tail  of  the  boat  tail  bullet  or  projectile  is  determined  by  the 
range  at  which  it  is  desired  that  the  bullet  be  effectively  used.  The  service 
^  cal.,  150  gr.  bullet  is  efficient  at  a  range  of  1000  yds  or  less,  but  it  does  not 
meet  the  requirements  in  rapid  fire  guns,  or  barrage,  at  1200  yards  or  more. 
A  boat  tail  bullet  of  the  same  weight  and  velocity  with  the  angle  of  taper 
constructed  for  1200  or  1500  yds.  will  be  much  more  efficient  than  the  one 
at  present  used,  but  Its  increase  in  efficiency  may  not  be  sufficient  to  meet 
the  requirements  at  those  ranges. 

When  the  angle  of  taper  having  the  maximum  efficiency  is  determined, 
the  length  of  the  tail  should  be  made  as  long  as  manipulating  and  pressure 
conditions  permit,  and  the  longer  the  better;  for  the  longer,  the  less  the 
area  of  its  base,  and  hence  the  less  the  opposing  force  of  the  vacuum.  The 
opposing  force  of  any  base  is  to  the  opposing  force  of  the  diameter  of  the 
bullet,  CF,  as  the  squares  of  their  respective  diameters.  This  fact  should 
be  borne  well  in  mind  when  constructing  the  tail  of  a  bullet. 

As  stated  the  total  resistance  of  the  air  equals  the  resistance  offered  by 
the  head  and  body,  plus  the  opposing  force  due  to  rarefaction  or  vacuity  or 
both.  The  resistance  upon  the  body  is  due  solely  to  the  lateral  thrust  of 
the  air. 

The  trajectory  of  a  bullet  is  the  curve  described  by  the  center  of  gravity  of 
the  bullet  in  its  motion  thru  space.  The  curve  is  not  a  simple  one  lying  in 
a  plane,  but  the  complex  resultant  of  the  corrected  curve  of  gravity,  the  cor- 
rected curve  of  swerve  or  so-called  drift,  and  the  corrected  curve  for  windage 
— ^when  any.  The  complexity  of  the  curve  may  be  better  seen  by  giving 
an  illustration.  At  1000  yards  in  a  20  mile,  3  o'clock  wind,  the  Springfield 
.30-150-2700  rises  14.5  feet  corrected  for  gravity,  and  corrected  for  wind 
goes  to  the  right  of  the  line  of  sight  approximately  114  inches,  so  that  a 
cavalryman  in  the  line  of  sight  at  or  near  500  yds.  would  be  wholly  missed, 
the  bullet  passing  approximately  several  feet  over  him  and  about  9  feet  to 
his  right. 

In  no  place  in  its  flight  does  a  bullet  travel  point  on,  because  of  its 
tendency  to  hold  itself  obliquely  to  the  line  of  direction  by  virtue  of  its 
gyroscopic  motion.  For  a  bullet  in  its  flight  is  a  gyroscope  and  obeys  the 
laws  of  the  gyroscope,  i.e.,  it  tenaciously  resists  any  effort  to  destroy  the 
parallelism  of  its  longitudinal  axis.  However,  the  parallelism  of  its  longi- 
tudinal axis  does  not  remain  constant  thruout  its  flight,  for  when  it  issues 
from  the  muzzle  its  longitudinal  axis  is  tangent  to  the  curve  of  its  trajectory, 
but  just  as  soon  as  it  starts  on  that  curve,  gravity  acting  upon  the  bullet 
causes  the  longitudinal  axis  to  deflect  from  the  tangent  and  therefore  in- 
clined from  it.  Inasmuch  as  the  resistance  of  the  air  is  always  parallel  to 
the  tangent  at  any  place  in  the  curve  of  the  trajectory,  only  as  the  pro- 
jectile issues  from  the  muzzle  is  the  resistance  equally  distributed  over  the 
head,  that  as  soon  as  the  longitudinal  axis  of  the  bullet  is  inclined  to  the 
tangent,  the  resistance  of  the  air  is  oblique  and  becomes  a  lateral  trust 
instead  of  a  point  thrust.  Were  it  not  for  this  terrific  lateral  thrust  of  the 
air  upon  the  body  of  the  bullet,  the  longitudinal  axis  would  remain  prac- 
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tically  parallel  to  its  axis  as  it  issued  from  the  muzzle,  excepting  the  case  of 
swerve. 

The  lateral  thrust  due  to  the  corrected  gravity  curve  is  on  the  under 
side  of  the  projectile  or  on  the  convex  side  of  the  curve;  the  lateral  thrust 
due  to  swerve  or  the  corrected  wind  curve  is  on  the  same  of  either  hori- 
zontal side  of  the  projectile. 

The  direct  result  of  constructing  a  bullet  with  a  boat  tail  is  to  lessen 
the  influence  of  all  lateral  thrusts  of  the  air,  and  incidently  increase  the 
value  of  the  ballistic  coefficient  ''C".  Mechanically,  the  effect  of  such 
construction  would  be  to  increase  the  ascending  branch  of  the  trajectory 
so  that  the  bullet  would  go  * 'kiting"  to  a  greater  extent;  and  also  to  increase 
the  length  of  the  descending  curve  so  that  the  bullet  would  "coast"  in  a 
like  proportion,  which  means  a  greater  range  for  the  same  elevation  due 
to  lessening  of  the  lateral  thrust  alone. 

I  give  herewith  the  formula,  which  I  believe  to  be  new,  for  calculating 
the  value  of  C,  the  ballistic  coefficient,  of  the  boat  tail  bullet, 


C  = 


.0001428  w 
i  D« 


(D2:-d«      2  tan  T, 


(D7 


tan  Tc 


in  which 


"w"  is  the  weight  in  grains,  "i"  the  coefficient  of  shape  or  reduction,  "D'* 
the  efficient  diameter,,  "D'"  the  diameter  at  beginning  of  taper,  "d"  the 
diameter  of  the  base,  "T"  the  angle  of  taper,  and  "Tc"  the  critical  angle. 
Herewith  a  description  of  the  boat  tail  bullet  illustrated  in  Pig.  2. 


fi— -. 


"-•-.. 


^ 


'•-* 


^ 5~ 

FiQ  2. 


23«t 


Designed  for  1500  yards. 

Length  of  head 

s 

.95" 

Length  of  body 

s 

.15" 

Length  of  tail 

sr 

.5" 

Length  over  all 

ss      ' 

1.6" 

Velocity        = 

2500  f.s 

\. 

Weight 

210  grains 

D 

.308 

D' 

.3 

d 

.24 

• 

.4  (experiment 

may  alter  this  value  slightly) 

TanT 

.06 

Tan  Tc 

,24 

C 

.96 
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The  weight  could  be  reduced  10  grains  and  the  value  of  C  would  stiil  be 
.9  plus. 

Inasmuch  as  the  Springfield  bullet,  150-2700  was  not  sufficiently  effec- 
tive at  the  long  ranges  during  this  war,  I  give  herewith  the  comparative 
ballistics  of  the  Springfield  and  the  above  illustrated  Para-ogival  bullet: 


Range 

Spr.  Para 

Spr. 

Para 

Spr. 

Para. 

Yards 

Ht.  of  T. 

Rem. 

Vel. 

Rem. 

Energy 

500 

2.03'     1.74' 

1668  f  .s. 

2060  f  .s. 

932  f  .p. 

1980  f.p. 

1000 

14.5      9.86 

1068 

1680 

382 

1317 

1200 

25.8     13.5 

966 

1550 

312 

1074 

1500 

52.8     24.2 

853 

1370 

243 

876 

1800 

94.2     40.16 

765 

1222 

196 

697 

2000 

131.7     55.4 

713 

1144 

170 

579 

It  will  be  noted  that  the  energy  of  the  boat-tail-para-ogival  bullet  at 
1500  yards  is  greater  than  that  of  the  Springfield  at  600  yards;  that  at  1800 
yards  is  greater  than  the  Springfield  at  700  yards;  and  at  2000  yards  is 
greater  than  the  Springfield  at  1000  yards;  that  the  Springfield  in  going  500 
yards  loses  1032  f .s.  while  the  boat  tail  loses  only  440  f.s.  These  facts  are 
well  worth  noting.  It  may  be  shown  also  that  the  boat  tail  is  less  susceptible 
to  wind. 

An  interpretation  of  the  formula  as  herein  given  leads  us  to  the  con- 
clusion that  the  tail  maybe  so  constructed  as  to  increase  the  ballistic  coeffi- 
cient as  determined  by  the  expression  without  the  braces  as  much  as  100 
per  cent  and  possibly  more  for  projectiles  for  high  angle  fire. 

The  interior  ballistics  of  the  Para-ogival  boat  tail  bullet  would  not  vary 
to  a  great  extent  from  that  of  the  Springfield. 


Recently  Adopted  System  of  Projection  for  U.  S. 

Military  Maps 
By  Captain  E.  M.  Burd,  C.  A. 

Many  readers  will  recall  with  interest  the  recently  renewed  animation 
shown  by  the  subject  of  Map  Projections,  occasioned  by  the  great  depen- 
dence of  artillery  work  upon  the  Western  Front  on  accurate  maps.  For 
years  past  the  several  bureaus  of  the  U.  S.  Government  have  been  pre- 
paring excellent  maps  of  this  country,  generally  using  the  polyhedral  pro- 
jection; e.g.,  each  sheet  being  a  separate  projection  upon  a  tangent  plane 
at  the  center  of  the  area  represented.  While  these  maps  are  good  and  suffi- 
cient for  most  purposes,  the  polyhedron  so  formed  cannot  be  developed, 
that  is,  the  sheets  cannot  be  assembled  on  a  plane  surface,  nor  could  one 
continuous  grid  be  superimposed. 

To  meet  these  defects  in  a  military  sense  France  developed  the  well 
remembered  system  called  Lambert's  Projection,  whereby  the  entire  extent 
of  the  Western  Front  could  be  projected  upon  a  cone,  the  apex  of  which 
was  on  the  axis  of  the  Earth  extended  far  beyond  the  North  Pole,  and  the 
surface  of  which  intersected  the  surface  of  the  Earth  along  the  Parallels  of 
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53  and  57  grads  North  Latitude.  This  conical  surface  could  be  developed 
into  a  plane  having  one  continuous  grid,  and  but  little  distorted,  because 
of  the  small  North  and  South  extent  of  the  area  mapped. 

A  similar  projection  for  the  United  States  was  devised  and  computed, 
but  because  of  the  relatively  large  area  involved  it  soon  became  evident  that 
for  this  country  the  Lambert  Projection  had  its  limitations  and  undesireable 
features.  The  main  difficulty  was  the  very  appreciable  distortion  and  lack 
of  accuracy  along  the  East  and  West  Coasts,  where  this  quaUty  was  most 
to  be  desired.  Also,  near  these  edges  the  convergence  of  the  grid  system 
and  the  meridians  was  awkward. 

The  most  recent  information  from  Washington  gives  data  for  a  modified 
Poly  conic  Projection  by  North  and  South  zones,  the  general  outline  being 
as  follows.  The  United  States  will  be  divided  into  seven  strips,  or  zones, 
each  consisting  of  eight  degrees  of  longitude  east  and  west  and  the  full  width 
of  the  country  north  and  south.  Each  strip  has  its  separate  projection  and 
grid  system,  complete  and  continuous  in  itself.  To  facilitate  use  along  the 
edges  of  strips,  these  edges  will  be  extended  so  as  to  duplicate  the  map 
along  the  sides  of  adjacent  zones  over  a  distance  of  perhaps  one  degree  of 
longitude,  each  zone  showing  the  grid  of  the  adjacent  zone  as  well  as  its  own 
grid  on  this  duplicated  area,  whereby  it  is  thought  that  military  progress 
from  one  zone  to  the  next  may  be  followed  without  delay  or  inconvenience. 
By  this  ingenious  arrangement  the  most  exacting  requirement,  military  or 
otherwise,  is  satisfied  by  a  convenient  and  practical  system  of  projection. 

On  each  zone  map  every  parallel  of  latitude  appears  as  the  developed 
circumference  of  the  base  of  a  right  cone  tangent  to  the  sphere  or  spheroid 
at  that  parallel.  The  central  meridian  of  this  projection  for  any  zone  will 
appear  as  a  straight  line,  while  all  other  meridians  will  appear  slightly  con- 
cave toward  it.  The  parallels  for  this  projection  on  any  map  will  appear  as 
arcs  of  circles  of  different  radii,  the  centers  of  the  arcs  being  on  the  central 
meridian  produced  beyond  the  limits  of  the  map.  The  equator  is  the  only 
parallel  which  would  be  represented  as  a  straight  line,  and  all  of  the  other 
parallels  will  be  convex  toward  it.  The  intersection  of  the  various  meridians 
and  parallels  for  the  polyconic  projection  will  differ  very  little  from  right 
angles  when  the  map  covers  a  limited  area  in  the  east  and  west  direction,  as 
these  zones  do.  Distances  along  the  central  meridian  will  be  true  to  the 
scale  of  the  map,  as  will  also  be  true  of  distances  along  the  parallels.  But 
diagonal  distances  and  north  and  south  distances  will  be  shghtly  in  error, 
the  amount  of  the  error  increasing  with  the  distance  from  the  central  meri- 
dian. This  is  unavoidable  for  it  is  readily  seen  that  when  a  section  of  the 
earth's  surface,  which  is  spherical,  is  flattened  out  to  the  plane  of  the  map, 
there  must  be  some  distortion  in  the  distances  given  by  the  map.  If  the 
central  meridian  is  held  true  to  scale,  as  is  the  case  in  this  polyconic  projec- 
tion, and  also  the  parallels  are  true  to  scale,  then  there  must  be  some  dis- 
tortion as  the  edges  of  the  map  are  approached.  This  will  result  in  a  stretch- 
ing or  elongating  of  the  area  in  a  north  and  south  direction,  but  with  an  area 
not  greater  than  ten  degrees  of  longitude  in  width,  the  error  will  be  negligible 
so  far  as  the  scale  of  the  map  is  concerned.  For  example,  at  a  distance  5* 
east  or  west  of  the  central  meridian  any  distance  in  a  north  and  south  direc- 
tion, as  scaled  from  the  map,  will  differ  from  the  true  distance  on  the  earth's 
surface  by  only  0.22  of  one  per  cent.    This  is  less  than  the  change  in  the 
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paper  from  day  to  day  due  to  weather  conditions,  altho  the  latter  is  com- 
pensated for  by  using  a  scale  printed  on  the  map. 

As  previously  mentioned  each  zone  has  its  individual  grid  system,  the 
Y-axis  coincident  with  the  central  meridian  and  the  X-axis  perpendicular  to 
it  at  latitude  40®  30'.  The  zone  being  narrow,  convergence  is  always  small. 
Tables  have  been  prepared  giving  the  relation  between  geographical  and 
grid  co-ordinates  at  any  point  in  the  zone,  and  the  amount  of  the  conver- 
gence. Actual  co-ordinates  are  for  convenience  increased  by  1,000,000 
for  X  and  2,000,000  for  Y-values.  The  maps  will  be  prepared  in  sheets 
representing  10,000  yards  east  and  west  by  6000  yards  north  and  south, 
the  edges  being  at  even  multiples  of  these  dimensions,  scale  1  to  10,000. 
Grid  lines  will  be  printed  at  even  thousand  yard  intervals,  and  geographical 
projection  lines  will  be  shown  at  one  minute  intervals.  Each  sheet  will  be 
designated  by  the  letter  of  its  zone — the  zones  being  lettered  A,  B,  C,  etc., 
beginning  at  the  Atlantic  Coast — ^foUowed  by  the  tirst  four  figures  of  the 
X  and  Y  co-ordinates  of  its  southwest  comer.  Thus  A  1160.2292  indicates 
the  sheet  of  A  zone  having  co-ordinates  X  =  1,160,000.,  Y -2,292,000  at 
its  southwest  comer.  Each  sheet  will  also  be  given  a  distinct  name,  like 
the  quadrangle  sheets  of  the  Geological  Survey  maps. 
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A  System  of  Camouflage  for  Railway  Mounts 

By  John  M.  Goodwin,  Camoufleur  Ordnance  Department, 

United  States  Army 


The  introduction  of  the  aeroplane  into  modern  warfare 
has  radically  changed  the  problem  of  concealment  of  Heavy 
Artillery.  The  Disappearing  Gun  and  the  hidden  battery 
are  no  longer  protected  from  the  range  finding  devices  of  an 
enemy.  Hand  in  hand  with  the  devices  in  range  finding  intro- 
duced by  aerial  observation  and  sound  ranging,  there  comes 
the  counter  protection — camouflage. 

The  term  camouflage  includes  every  method  of  deceptive 
concealment  and  the  war  camoufleur  must  be  versed  in  the 
tactical  employment  of  Artillery,  in  the  Art  and  Science  of 
Color,  and  in  the  chemistry  of  pigments.  He  must  under- 
stand every  vantage  point  of  high  altitude  observations,  and 
the  effects  produced  by  the  use  of  the  ray  filter  and  the  exag- 
gerated stereoscopic  effect.  He  must  know  how  to  disperse 
the  shadow  silhouette  and  how  to  conceal  even  foot  prints  in 
the  grass,  which  through  the  telescopic  camera  can  be  readily 
detected  even  from  a  distance  as  great  as  four  miles  in  the  air. 

The  camoufleur  must  study  each  problem  before  him  and 
solve  it  by  the  application  of  scientific  principles  and  common 
sense. 

There  are  two  distinct  types  of  camouflage,  each  adapted 
to  meet  its  own  practical  requirement.  These  systems  are 
briefly:  The  Five  Color  System  and  the  Three  Color  System. 
The  Five  Color  System  which  has  recently  been  approved, 
meets  the  several  requirements  for  concealment  of  Heavy 
Railway  Mounts  in  which  the  great  mass  of  solid  surface 
must  be  broken  up  into  several  separate  masses,  and  the  shadow 
cast  by  the  mount  must  be  hidden  as  well.  The  introduction 
of  the  two  new  colors,  "Mauve"  and  its  complement,  and  the 
separating  of  the  opaque  and  transparent  pigments  by  an 
atmospheric  color  effect,  produce  the  novel  results  obtained. 
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The  Three  Color  System  in  connection  with  the  field  gun 
presents  very  small  surface  areasfor  protection  and  casts  no  defi- 
nite shadow.  The  method  of  treating  this  problem  has  consisted 
principally  in  an  endeavor  to  hide  the  field  piece  by  blending 
its  form  and  shadow  with  the  landscape.  In  order  to  accom- 
plish this  blending  only  three  colors  are  used — green,  yellow, 
and  cream.  These  colors  are  used  in  small,  irregular  shaped 
patches  separated  by  heavy  black  masses  also  of  irregular 
shape.  The  results  of  the  method  as  applied  to  the  field  gun 
have  proved  very  satisfactory  in  protecting  it  from  observa- 
tion. The  blending  of  the  comparatively  small  patches  of 
alternating  green,  yellow,  and  cream,  gives  an  even  tone  that 
does  not  attract  the  eye.  This  same  method,  however,  when 
attepipted  on  the  railway  mount  with  its  large  flat  surfaces 
makes  it  more-  conspicuous  than  if  it  had  been  painted  the 
usual  Olive  Drab  Color. 


In  the  problem  of  ship  camouflage  the  question  is  more  of 
distorting  perspective  than  blending  colors.  The  object  here 
is  to  "Camouflage"  the  course  of  the  vessel  and  to  render  its 
direction  uncertain.  Black-White,  and  color  contrasts  give 
distorted  forms. 

The  introduction  of  the  large  caUber  guns  on  railway 
mounts  has  introduced  several  new  conditions,  which  con- 
conditions  in  turn  make  a  new  system  of  camouflage  impera- 
tive. The  extensive  experiments  in  England  in  the  early 
part  of  1917  resulted  in  suggestions  to  obviate  defects  proved 
to  exist  in  the  then  employed  methods  of  camouflage  for  the 
railway  mount.     In  developing  the  five  color  system  of  cam- 
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ouflage  in  the  United  States  the  lines  of  these  suggestions  have 
been  modified  and  extended  by  numerous  experiments  con- 
ducted at  the  Proving  Ground  by  the  Ordnance  Department. 
The  theories  employed  have  been  inspected  and  corrected  by 
flights  at  various  altitudes,  and  by  the  comparison  of  aero- 
plane photographs  taken  simultaneously  with  the  optical 
observations  of  different  observers  at  the  Proving  Ground. 
Further  careful  study  of  the  required  conditions  by  those  who 
have  made  observations  both  at  home  and  in  France  have 
verified  the  experiments  of  the  Ordnance  Department. 


Following  the  lines  of  discovered  faults  in  the  previous 
methods  adopted  to  conceal  railway  mounts,  there  has  been  a 
concerted  effort  made  by  the  Ordnance  Department  to  bring 
together  the  constructive  criticisms  of  the  scientific  camera 
expert  and  the  experimental  work  of  the  camoufleur,  in  order 
that  the  opposed  branches  may  work  in  unison  for  the  com- 
mon cause.  The  purpose  of  the  scientific  camera  expert  should 
be  to  discover  flaws  in  the  work  of  the  camoufleur,  and  the 
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camoufleur  should  endeavor  to  correct  these  discovered  flaws. 
It  is  of  vital  importance  that  our  great  railway  mounts  as  well 
as  our  permanent  emplacements  for  Coast  Defense  should  be 
protected  against  mosaic  aerial  experts  who  strive  to  penetrate 
the  camouflage  of  battery  positions.  The  chief  agents  with 
which  it  is  necessary  to  cope  in  the  successful  camouflage  of 
artillery  are: 

1st  —  The  Aeroplane 

2nd  —  The  Stereoscopic  camera  with  telescopic  range 

3rd  —  The  Rose-ray  and  other  Filters 

4th  —  Shadow  Silhouette. 


12-IHOH  BLIDIHa    MoUNT-.-IN  IHI  OVEN.  IHOWIHS  METHOD  OF  tECURlNa 

By  scientifically  attacking  the  problem  the  Ordnance  De- 
partment has,  within  the  last  few  months  perfected  and  turned 
out  at  the  Proving  Ground  a  camouflage  system  that  defeats 
all  four  of  the  above  mentioned  agents. 

1st. — The  aeroplane  is  defeated  for  the  reason  that  it 
acquires  false  information  only.  Even  at  the  very  lowest 
altitudes,  the  real  facts  are  hidden  by  the  Five  Color  System. 

2nd. — The  stereoscopic  camera  that  detects  falsely  deline- 
ated perspective  or  pigment-painted  shadow,  is  defeated  by: 
(a)  the  use  of  opaque  pigments  for  near  planes;  (b)  transparent 
pigments  for  far  planes;  (c)  by  the  use  of  mauve  in  juxtaposi- 
tion with  its  complement:  (d)  by  yellow  used  to  counter-act 
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shadow;  (e)  by  a  scientific  application  of  the  laws  of  light  and 
color;  and  (f)  by  the  camouflage  of  shadow. 

3rd. — ^The  rose-ray  filter  which  turns  all  green  pigments  to 
rose  color  and  leaves  the  foliage  green  is  defeated  by  the 
chemically  prepared  ray-proof  pigments,  which  alter  the  color 
waves  and  defy  both  eye  and  camera. 

4th. — ^The  shadow  silhouette  which  outlines  railway  mounts 
upon  the  ground  is  defeated  by  the  "camouflage  canopy," 
scientiflcally  constructed  to  camouflage  the  shadow. 

The  "Bull-Tucker  Sound  Ranging  Device"  which  detects 
the  location  of  the  gun  by  recording  sound  waves,  has  played 
a  considerable  part  in  the  detection  of  gun  locations.  The 
report  of  the  gun  is  recorded  on  ribbons  that  give  an  accurate 
reading  from  each  microphone  instrument,  and  from  these 
readings  the  locations  are  calculated.  Undoubtedly  there  is 
much  to  be  discovered  which  will  add  to  the  usefulness  of 
these  instruments. 

Nevertheless,  according  to  the  expressed  belief  of  those 
promoting  these  devices,  the  veiy  nature  of  the  method  of 
detection  makes  it  necessary  for  the  concealed  gun  to  be 
fired  before  it  can  be  detected.  Therefore  neither  the  color 
camouflage  nor  the  overhead  camouflage  should  be  neglected. 
Both  are  essential  in  order  to  protect  the  gun-mount  from 
being  located  by  the  aeroplane  observer  and  the  steroscopic 
camera.  Otherwise  a  battery  may  be  put  out  of  commission 
before  it  is  even  put  in  action. 

In  order  to  defeat  the  recording  microphones,  there  are 
many  possible  methods  of  camouflaging  the  sound  direction, 
such  as  construction  of  sound  deflectors,  multiple  over-lapping 
sound  records  and  mufllers,  etc.  Besides  these  methods, 
heavy  air  currents  and  atmospheric  density  add  also  to  the 
difficulty  of  accurate  recording  by  microphones. 

No  stronger  proof  of  the  successful  deception  accomplished 
by  the  Five  Color  System  could  be  offered  than  the  steroscopic 
photographs  taken  of  Railway  Mounts  at  the  Proving  Ground. 
Even  with  photographs  taken  at  an  elevation  of  only  1200  feet 
directly  over  the  mount,  it  is  not  possible  to  find  the  guns, 
although  they  stand  on  bare  ground  in  an  open  tract  with  no 
covering  other  than  the  paint  applied  upon  them.  The  mount 
resembles  several  small  piles  of  brush  with  no  visible  features 
of  a  gun  or  car.  This  effect  is  produced  by  the  use  of  the 
opaque  green  pigment  which  appears  to  stand  up  from  the 
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ground  towards  the  eye,  and  the  form  presented  resembles 
foliage.  The  brown  shadow  portion  appears  to  be  far  below 
the  green  and  is  made  to  produce  this  false  impression  by  the  use 
of  a  transparent  brown  pigment  separated  from  the  opaque 
green  by  an  atmospheric  transparent  color. 

The  irregular  foliage  shapes  are  made  to  appear  like  solid 
forms  by  surrounding  them  with  narrow  black  border  which 
stops  the  line  of  vision. 

The  method  successfully  used  for  the  camouflage  of  field 
guns  has  proved  unsuitable  and  inefficient  when  applied  to 
the  camouflage  of  the  greater  areas  presented  by  the  extensive 
side  girders  and  platforms  of  the  railway  mounts. 

In  order  to  overcome  these  obstacles  the  Five  Color  Sys- 
tem was  devised.  It  apparently  breaks  up  the  mass  of  the 
railway  mounts  into  several  fragments  or  separate  masses 
by  the  use  of  the  Ultra- Visible  colors  in  conjunction  with 
colors  that  record  no  plane,  and  this  system  also  disguises  the 
true  character  of  the  visible  portions.  By  the  correct  selection 
of  pigments  the  plane  of  the  surface  upon  which  these  are 
applied,  may  be  made  to  appear  in  several  different  planes. 
Again,  the  scientific  selection  and  application  of  colors  will 
defeat  visibility,  and  by  chemical  preparation  of  the  pigments 
ray-filters  are  defeated.  The  real  form  of  the  gun  is  hidden 
by  producing  a  foliage  design  as  it  appears  from  the  aeroplane 
point  of  view.  The  shadow  of  the  gun  is  camouflaged  by  the 
erection  of  a  semi-transparent  canopy. 

Object  of  the  Five  Color  System 

To  resemble  foliage;  to  compel  the  eye,  on  the  one  hand, 
to  record  the  portions  painted  Green  and  Brown,  and,  on  the 
other  hand,  to  fail  to  record  the  portions  painted  Cream  and 
Mauve.     No  attempt  is  made  to  blend  the  colors. 

The  Five  Color  System  Employs: 

Green,  Cream,  Brown,  Mauve,  and  Yellow  with  a  narrow 
border  line  of  Black.  The  latter  being  used  only  to  stop  the 
line  of  vision.  Cream  is  used  to  separate  Green  and  Brown. 
Mauve  is  used  in  juxtaposition  with  its  complement.  So 
used  it  becomes  non-recording.  Yellow  is  used  only  to  counter- 
act Shadow. 
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Proportions  of  colors  used  in  covering  surfaces: 

Brown 10  parts 

Yellow 3       " 

Cream - 5      " 

Green-_    .    _    10       " 

Mauve - 2       " 


If  a  canvas  tent  or  opaque  covering  were  used  to  hide  the 
'Railroad  Mounts',  the  shadow  would  reveal  the  tent.  Therefore, 
a  wire  net  covering  is  used,  into  the  meshes  of  which  are  woven 
opaque  masses  shaped  to  cast  foliage  shadows.  In  order  to 
accomplish  this,  there  must  be  left  large  open  spaces  in  the 
netting.  Through  these  open  spaces  the  gun  itself  would  be 
detected  if  it  were  not  camouflaged. 

In  making  the  choice  of  the  fifth  color  Mauve,  it  was  found 
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by  experimenting  that  this  color,  when  used  on  the  outer 
edges,  blended  with  both  foliage  and  the  atmosphere.  This 
blending  deceived  with  equal  effect,  both  the  camera  and  the 
naked  eye.  It  was  also  demonstrated  that  the  forms  of  certain 
portions  of  a  gun,  which  might  readily  be  recognized,  could 
be  effectually  hidden  by  painting  these  parts  Mauve  in  juxta- 
position to  a  larger  patch  of  its  complementary  color.  In 
order  to  obtain  the  complement  the  rainbow  spectrum  disc 
was  used. 


The  foliage  forms  as  well  as  the  form  of  their  corresponding 
shadows  were  adopted  because  a  clump  of  shrubbery  does  not 
appear  out  of  place  in  most  any  landscape,  hence  it  will 
attract  the  least  attention. 

The  study  of  the  foliage  forms  should  be  from  the  aeroplane 
point  of  view. 

The  shadow  of  the  recoil  cyhnders  if  projected  onto  the 
barrel  of  the  gun  will,  if  visible,  reveal  the  form  of  a  recoil 
cylinder.  The  portions  of  the  barrel  that  receive  such 
shadows  should  therefore  be  painted  in  colors  that  will  absorb 
the  shadow.  The  same  is  applicable  to  the  shadow  of  the  gun 
on  the  platform  of  the  car. 
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FIVE  COLOR.  CAMOUFLAGE  SYSTEM. 


B-«eil  CAMOUFLAGED  S 
C~  fVJN  UNE  —  OPEN  TRACK 

EH  SS2£S'„Si!i^^'^^°  CANOPY 

E-  ivOKLY  cahouflaced  spur 
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One  purpose  of  the  color  patches  is  to  render  the  shape 
of  the  gun  unrecognizable  and  the  other  purpose  is  to  break 
up  the  mass  into  what  will  appear  to  be  several  separate  clumps 
of  shrubbery. 

The  atmospheric  color  is  used  to  separate  the  foliage  mass 
from  the  ground  shadow  effect. 

The  yellow  is  used  only  on  the  under  side  of  the  mounts, 
and  painted  in  irregular  sun  streak  effects  in  order  to  break 
the  shadow  line  into  an  irregular  form,  which  will  extend  up 
into  the  foliage  colors.  This  effectually  conceals  the  cylindri- 
cal shape  of  the  gun. 

With  this  Five  Color  System  carried  out,  not  only  the  guns 
but  also  their  railway  mounts  have  been  changed  into  an 
unrecognizable  form.  The  location  of  the  actual  planes  have 
also  been  manipulated  so  effectively  that  at  a  distance  of  only 
about  1500  feet  above  the  mount,  all  resemblance  to  a  gun  has 
disappeared. 

Photographs  taken  at  this  altitude,  with  the  gun  and  car 
standing  in  the  clear,  indicate  only  broken  forms  which  in  no 
way  attract  the  eye  of  an  enemy.  The  gun  and  car  are  still 
less  discernable  at  any  greater  altitude.  One  or  more  metal 
'Tms"  bound  to  the  gun  and  cut  in  outline  to  resemble  foliage 
silhouette,  (while,  at  the  same  time,  painted  to  blend  with 
the  camouflage  patches  on  the  gun  barrel),  will  break  the 
skyline  of  a  long  gun  and  carry  the  eye  away  from  the  gun 
form. 

The  Camouflage  Canopy,  which  consists  of  a  folding  metal 
framework  in  separate  towers,  is  easily  packed  in  nesting 
shapes.  In  a  few  hours  it  can  be  erected  and  secured  in  place 
by  wire  cables.  This  feature  is  an  essential  part  of  the  Rail- 
way Mount  Camouflage.  It  protects  against  the  shadow 
silhouette  as  photographed  by  the  steroscopic  camera  from 
the  aeroplane.  The  shadow  outline  of  the  canopy  must  blend 
with  the  structural  outline  of  the  gun  mount. 

In  order  to  break  the  line  of  vision,  bow-knots  of  canvas 
sprayed  with  paint  are  tied  into  the  meshes  of  the  net,  which 
covers  the  framework  of  the  canopy.  These  bow-knots  occur 
at  the  large  transparent  sections  of  the  net  work. 

Any  marked  deviation  from  the  design  in  the  Five  Color 
System,  in  either  form  or  color,  will  naturally  defeat  the  aim. 
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In  order  to  keep  abreast  with  the  advancing  problems  of 
camouflage,  it  is  imperative  that  the  research  and  experimental 
work  should  continue  uninterrupted. 

Without  scientific  research,  camouflage  is  only  an  art  and 
very  limited  in  its  possibilities,  but  connect  this  art  with 
scientific  experimentation,  and  the  possibilities  of  camouflage 
will  far  exceed — even  our  present  imagination. 
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Use  of  Railroad  Artillery  in  Coast  Defense 

By  Major  Azel  AmeSy  Coast  Artillery 


(Continued  from  March-April  Issue.) 


Ill 
Organization  and  Training 

General, 

(a)  There  has  been  a  good  deal  of  discussion  of  the  degree 
to  which  railroad  artillery  should  be  self  contained  as  to 
personnel  and  the  idea  seems  to  be  prevalent  that  there  is 
something  esoteric  about  the  railroad  side  of  railroad  artillery 
that  would  call  for  the  assistance  of  other  than  artillery  troops 
and  make  necessary  a  considerable  departure  in  the  organization 
of  railroad  artillery  from  that  to  be  used  for  the  horse  or 
motor-drawn  units.  Even  horse  artillery  requires,  generally 
speaking,  regularly  built  roads  for  its  movement  and  the  fact 
that  the  railroad  artillery  has  to  travel  on  a  different  kind  of 
a  road  is  no  reason  why  its  personnel  should  not  be  as  capable 
of  getting  it  over  the  road  as  the  personnel  of  the  horse  or 
motor  drawn  guns. 

It  is  true  owing  to  the  inability  of  two  trains  to  pass  each 
other  on  the  same  track  and  other  features  inherent  in  rail- 
way operation,  there  are  certain  limitations  imposed  on  the 
handling  of  vehicles  on  railroads,  but  these  limitations  are  so 
definite  and  the  procedure  to  be  followed  in  the  conduct  of 
movement  by  rail  so  well  established  and  so  readily  studied  that 
there  should  be  no  difficulty  in  instructing  officers  and  men  in 
its  application.  From  experience  with  all  three  the  writer 
is  convinced  that  locomotives  and  motor  trucks  are  much 
easier  to  control  and  repair  than  horses  and  it  surely  takes 
less  training  to  make  an  engineman  or  chauffeur  than  to  make 
a  competent  horesman. 

We  would  not  think  of  detailing  cavalry  to  handle  the 
horses  of  the  light  artillery  nor  having  carpenters  detailed 

(2M) 
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from  the  Quartermaster  Corps  to  put  down  the  gun  platforms 
for  motordrawn  howitzers.  By  the  same  token  the  railroad 
artillery  should  be  able  to  run  its  engines,  make  road  repairs 
of  its  rolling  stock  and  put  in  frogs  and  switches  and  lay  its 
firing  tracks.  It  is  just  as  much  the  railroad  artillery's  job 
to  '"get  there"  as  it  is  to  shoot  and  the  responsibility  for  doing 
both  equally  well  should  fall  on  the  commanders  of  all  mobile 
artillery  units. 

Railroad  artillery  used  in  coast  defense  will  have  to  travel 
almost  entirely  over  the  tracks  of  commercial  railroads  and 
in  time  of  peace  its  movements  except  in  important  maneuvers 
will  be  subordinated  to  the  commercial  traffic.  In  time  of  war 
every  available  railroad  employee  will  be  so  badly  needed  in 
the  transportation  of  military  units  untrained  in  railroad  work, 
that  every  man  we  have  in  the  railroad  artillery  who  can  make 
a  coupling  or  drive  a  spike  will  be  a  very  great  asset.  There 
are  five  different  ways  to  drive  a  spike  which  are  incorrect; 
certainly  a  greater  number  of  mistakes  are  possible  in  the 
loading  and  laying  of  a  gun,  yet  we  do  not  shy  at  teaching  our 
men  how  to  do  it  properly  because  it  looks  complicated  or 
mysterious  to  the  uninitiated.  Railroad  artillery  troops  can- 
not be  profitably  employed  in  extensive  track  building  opera- 
tions any  more  than  other  artillery  troops  in  road  construction, 
but  the  operation  and  care  of  their  rolling  equipment  should 
be  as  much  a  part  of  their  duties  as  shooting.  Furthermore 
the  track  is  their  firing  platform  and  they  should  be  organized 
and  trained  to  construct  and  maintain  it. 

The  tables  of  organization  for  railroad  artillery  units  so 
far  published  have  been  based  on  the  requirements  of  field 
service  in  France  where  fixed  targets  only  were  to  be  fired  at. 
For  use  against  moving  targets  the  horizontal  base  system  of 
range  finding  will  require  a  manning  party  for  each  end  station 
and  the  plotting  details  required  by  the  C.A.D.R.  Transpor- 
tation probably  by  motorcycles  with  side  cars  should  be  pro- 
vided for  both  primary  and  secondary  station  details  as  well  as 
the  necessary  reel  carts  and  personnel  for  establishing  the  T.  I. 
bell  and  telephone  circuits  to  base  end  stations.  The  tide 
observers  equipment  where  needed  may  be  made  light  enough 
to  be  carried  by  the  observer  and  his  data  transmitted  visually 
or  by  messenger.  If  the  artillery  units  are  to  provide  their 
own  meteorological  data,  as  seems  desirable,  the  necessary 
personnel,  transportation,  and  equipment  must  be  included. 
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Searchlight  details  and  equipment  should  accompany  each 
group  headquarters  as  well  as  their  necessary  fire  control 
and  communication  equipment,  personnel  and  transportation, 
though  it  would  appear  doubtful  if  a  fire  command  tracking, 
plotting,  and  relocating  outfit  would  always  be  required. 

Heretofore  our  tables  of  organization  called  for  one  Engi- 
neer, C.A.C.,  and  one  Fireman,  C.A.C.,  for  each  locomotive. 
These  enlisted  specialists,  no  matter  how  thoroughly  trained  in 
our  excellent  school,  are  entirely  incompetent,  so  far  as  this 
instruction  goes  to  handle  locomotives.  It  requires  a  little 
skill  to  take  a  train  up  a  grade,  but  a  great  deal  to  take  it 
down.  The  craft  of  the  locomotive  enginemen  is  not  pri- 
marily in  his  knowledge  of  steam,  but  his  knowledge  of  the 
air-brake.  Of  course  he  must  know  train  rules  thoroughly, 
but  his  skill  as  an  air-brake  operator  is  his  principal  asset. 
Some  of  our  men  must  be  trained  in  the  repair  and  operation 
of  the  air-brake.  Every  railroad  of  any  account  has  an  air- 
brake instruction  car  and  advantage  could  be  taken  of  its 
stay  at  the  nearest  division  point  to  put  details  from  our  units 
through  the  course.  An  instruction  outfit  similar  to  that  in 
these  cars  should  be  installed  at  the  Coast  Artillery  School, 
as  well  as  some  sample  trucks,  draft  rigging,  couplers,  etc. 

If  there  is  anything  that  requires  a  base  from  which  to 
operate  it  is  a  locomotive  and  it  is  believed  that  until  such 
time  as  the  amount  of  railroad  artillery  material  in  each  dis- 
trict would  warrant  the  construction  of  military  shops  and 
engine  terminals  therein,  arrangements  for  the  stationing, 
supply  and  repair  of  our  railway  artillery  rolling  equipment 
can  best  be  handled  by  arrangement  with  the  U.  S.  Railroad 
Administration  or  with  the  commercial  railroads.  In  the 
formative  period  of  our  railroad  artillery,  nothing  will  better 
help  the  acquisition  of  knowledge  of  railroad  matters,  than  the 
constant  association  of  our  officers  and  men  with  the  plant, 
equipment,  methods  and  personnel  of  the  commercial  railroads. 
Much  that  is  not  in  the  books  will  be  learned  by  observation 
and  once  absorbed  can  later  be  put  into  our  own  textbooks. 

The  worst  place  to  station  our  railroad  artillery  units 
would  be  at  harbor  forts.  Most  of  them  have  no  railroad 
trackage.  Our  personnel  will  probably  not  be  so  large  that 
we  cannot  afford  cantonment  trains.  Certainly  a  considerable 
portion  of  the  time  of  our  railroad  artillery  troops  should  be 
spent  not  only  living  on  these  trains,  but  travelling  on  them. 
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starting  out  from  the  railroad  division  points  on  which  they 
are  based*  travelling  over  the  road  to  the  various  positions  in 
their  territory*  occupying  them,  setting  up  their  fire  control 
and  communications  and  having  drill  and  target  practice 
there,  both  summer  and  winter,  especially  the  latter,  when 
many  conditions  effecting  the  care  and  handling  of  railroad 
material  arise  that  are  absent  in  warm  weather. 

It  will  be  just  as  detrimental  to  railroad  artillery  to  keep 
it  standing  still  as  to  do  the  same  thing  with  horse  artillery. 
It  must  be  constantly  exercised  in  movement  to  preserve  the 
mobility  which  is  its  true  **raison  (Tetre.'*  Not  only  will 
frequent  movement  be  necessary  to  keep  the  material  function- 
ing properly  and  the  man  expert  in  its  use  in  all  sorts  of  dif- 
ferent situations,  but  frequent  visits  to  the  various  positions 
in  its  territory  are  necessary  to  give  the  officers,  observers, 
etc.,  that  familiarity  with  the  aspect  of  their  fields  of  fire  which 
is  essential  to  proper  observation  and  identification  of  targets. 

An  important  function  of  road  work  is  to  train  enginemen 
and  pilots,  as  it  is  a  rigid  rule  of  all  railroads  that  no  engine- 
man  unaccompanied  by  a  pilot  may  run  an  engine  over  any 
division  until  he  has  made  a  sufficient  number  of  trips  over  it 
with  an  instructor,  to  become  acquainted  with  the  location  of 
grades,  curves,  crossings,  sidings,  stations,  and  signals.  In 
time  of  a  concentration  of  troops  due  to  threatened  invasion 
the  principal  duty  of  the  locomotive  enginemen  employed  on 
the  divisions  effected  will  be  to  act  as  pilots  for  the  greatly 
increased  number  of  trains  coming  in  manned,  not  only  by  crews 
from  other  divisions  of  their  own  road,  but  from  foreign  roads  as 
well.  It  is  desired  here  to  emphasize  the  necessity  of  having 
our  peace  time  training  of  railroad  artillery  such  as  to  make  it 
as  nearly  self  contained,  self  sustaining  and  as  independent  as 
possible  of  assistance  from  the  commercial  organization  that 
will  in  time  of  war  be  overburdened. 

The  unexpected  so  often  happens  in  war  that  we  cannot 
presuppose  that  we  shall  find,  especially  if  the  enemy  forces 
us  inland,  that  we  have  all  the  firing  tracks  we  need  or  that 
they  are  just  where  we  want  them.  To  throw  in  a  frog  and 
switch  and  lay  enough  track  to  hold  their  own  outfit,  should 
be  something  all  in  the  day's  work  to  the  personnel  of  a  rail- 
road battery.  Not  that  they  would  expect  in  general  to  build 
their  own  firing  tracks,  still  less  the  approaches,  but  to  be 
able  to  do  it  and  to  have  had  practice  in  doing  it  are  a  true 
part  of  their  job  of  "getting  there." 
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Special  troops. 

(b)  We  do  not  attach  men  from  the  Signal  Corps  to  the 
heavy  artillery  to  do  our  visual  signalling  nor  our  field  radio 
work  and  so  far  have  not  asked  the  Navy  to  man  our  mine 
planters  or  smaller  boats,  but  in  the  same  way  that  we  have 
mine  companies  in  our  large  harbor  defense  commands,  so  it 
will  probably  be  desirable  to  have  attached  to  the  larger 
railroad  artillery  units  some  strictly  "Railroad  Companies" 
yet  composed  of  artillery  personnel.  It  will  be  some  years 
before  we  can  complete  our  system  of  triangulation  and  quad- 
rillage  for  the  whole  of  our  seaboard  areas,  lay  out  all  the 
necessary  base  lines,  establish  the  monuments  to  mark  base 
end,  B.C.,  and  other  stations,  directing  points,  etc.,  build 
firing  tracks  and  approaches,  and  establish  railroad  artillery 
terminals,  with  engine  houses,  repair  sheds,  barracks,  etc. 
This  period  should  be  utilized  in  building  up  our  railroad 
companies  as  well  as  our  railroad  artillery  batteries  and  it  will 
take  broad-mindedness  and  strong  handling  to  prevent  over- 
specialization.  As  much  of  this  preparatory  work  as  will  be 
good  training  should  be  done  by  the  railroad  companies 
whose  work  in  time  of  peace  should  be: 

a.  Maintenance  of  railroad   artillery   tracks  and    equip- 

ment. 

b.  Training  as  railroad  artillerymen. 

c.  Training  in  the  simpler  railroad  operating  duties  neces- 

sary to  get  their  outfits  over  the  road  in  case  of 
withdrawal  of  civilian  personnel  from  the  front. 
In  time  of  war  the  duties  of  the  railroad  companies  should  be: 

a.  Installation  of  firing  and  approach  tracks  with  neces- 
sary small  bridges,  epis,  etc. 

b.  Maintenance  of  roads,  bridges,  approach  tracks  and 

other   facilities   of   its    unit,    especially    repairs    of 
damage  to  tracks  from  enemy  fire. 

c.  Furnishing  men  to  the  batteries  to  replace  losses. 

d.  Absorbing  civilian  railroad  employees  called  or  drafted 

into  the  railroad  artillery  service. 

The  principal  value  of  these  troops  lies  not  as  much  in  their 
possessing  any  special  knowledge,  for  there  is  little  that  they 
should  know  which  some  of  each  battery  personnel  ought  not 
to  know,  but  id  having  them  available  to  do  repair  work,  which 
the  battery  personnel  will  be  too  much  engrossed  in  shooting 
or  too  much  depleted  by  casualties  to  undertake. 
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These  "Railroad  Companies"  should  be  instructed  in  the 
service  of  the  piece  and  supply  of  ammunition,  as  well  as  the 
construction  and  maintenance  of  track  and  structures,  repairs 
of  rolling  equipment  and  operation  of  locomotives,  motor 
vehicles,  small  shops,  water  and  fuel  stations,  interlocking 
plants,  etc.  This  sounds  like  a  good  deal  to  an  artilleryman 
but  not  half  as  much  as  a  gunners  qualification  seems  to  the 
average  railroad  man.  It  would  be  an  un-American  confession 
of  lack  of  energy  and  adaptability  if  we  conceded  for  a  minute 
that  our  men  could  not  be  both  good  gunners  and  good  rail- 
roaders. Just  as  we  now  have  special  ratings  for  gunners,  etc. 
in  mine  companies,  we  should  have  special  ratings  in  railroad 
artillery,  and  the  same  for  the  motor-drawn  artillery  to  stimu- 
late qualification  in  their  particular  duties. 

In  time  of  peace  the  "Railroad  Companies"  could  well  be 
used  as  schools  of  instruction,  men  being  sent  to  them  from  the 
batteries  for  instruction  in  those  kinds  of  railroad  work  for 
which  the  equipment  was  not  supplied  to  the  batteries.  Classes 
in  minor  shop  work,  simple  bridge  building  and  repair,  laying 
turnouts,  how  to  take  on  coal  and  water,  to  operate  a  simple 
interlocking  plant,  to  interpret  train  rules  and  orders  should  be 
held  in  the  "Railroad  Companies"  while  in  the  batteries 
themselves  the  routine  inspection  and  care  of  the  locomotives 
and  rolling  stock,  firing  platforms,  guns,  carriages,  ammuni- 
tion, motor  vehicles,  and  fire  control  should  be  taught.  In 
time  of  war  the  railroad  companies,  whose  personnel  could  be 
rapidly  and  effectively  increased  by  drafts  from  civil  life  of 
men  of  railroad  training,  would  be  able  to  furnish  a  considerable 
number  of  men  to  the  batteries  to  replace  losses,  as  they 
would  have  had  artillery  training  while  the  railroad  men  from 
civil  life  would  already  know  their  railroad  work. 

The  writer  believes  that  the  only  vocation  a  man  should 
be  taught  in  the  army  is  how  to  fight,  including  whatever  is 
necessary  to  that  end.  However,  the  training  outlined  above 
should  please  the  advocates  of  vocational  training  in  the  army 
and  anything  we  can  do  to  furnish  good  men  to  the  railroads 
from  our  discharged  soldiers  will  dispose  them  to  help  us. 
Such  arrangements  should  be  made  that  in  time  of  large  drafts 
in  war  not  all  the  railroad  civilians  are  sent  to  the  Engineers. 
In  organizing  his  battalion  of  the  75th  Artillery,  the  writer 
found  46  men  of  valuable  railroad  experience  out  of  a  personnel 
of  280,  whereas  in  the  41st  Artillery,  organized  after  orders 
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had  been  issued  diverting  all  men  of  railroad  experience  to  the 
Engineers,  only  9  men  of  any  real  railroad  experience  could 
be  found  out  of  nearly  500. 

At  a  time  when  fighting  is  imminent  in  any  region  the 
railroad  organization  will  be  principally  employed  in  getting 
the  civiUan  population  out  and  the  fighting  forces  in.  A  part 
of  this  latter  task  is  moving  the  railroad  artillery.  No  two 
railroads  or  divisions  of  the  same  railroad  are  alike  and  a 
great  deal  of  lost  motion  will  be  prevented  if  we  can  at  the 
proper  time  draft  into  the  army  a  sufficient  portion  of  the 
railroad  personnel  of  the  region  to  make  up  operating  companies 
under  previously  selected  and  trained  army  officers  and  to  fill 
up  construction  companies  or  make  new  ones.  For  coast 
defenses  we  can  know  our  battle  ground  in  advance  and  use 
a  larger  proportion  of  local  personnel.  For  field  warfare  we 
shall  probably  need  railroad  labor  battalions,  composed  princi- 
pally of  men  from  railroads  remote  from  the  theatre  of  opera- 
tions, and  assigned  to  the  higher  railroad  artillery  units. 
The  same  would  be  true  to  perhaps  a  less  degree  as  regards 
operating  companies  or  battalions. 

Consolidation. 

(c)  The  railroad  artillery  is  only  a  part  of  the  army,  but 
unless  the  general  health  of  the  military  body  is  good  its  mem- 
bers will  not  function  properly.  The  army  has  seldom  received 
from  the  people  the  support  to  which  its  purpose  and  mission 
entitled  it  and  consequently  has  never  been  able  to  develop  its 
various  branches  adequately.  Two  reasons  for  this  condition 
are: 

1.  The  public  has  never  felt  that  there  existed  between 
the  various  arms  of  the  service  that  unanimity  of  aim  and 
action  which  were  for  its  best  interests  and  those  of  this  country. 

2.  The  army  has  not  been  a  real  part  of  the  people  but  as 
much  a  thing  apart  as  the  Geological  Survey  or  the  Railway 
Mail  Service. 

A  single  list  for  promotion  for  the  whole  army,  or  as  near 
an  approach  to  it  as  is  humanly  possible  will  largely  eliminate 
the  first  and  a  system  of  universal  service  is  the  only  thing  to 
cure  the  second.  When  the  voters  constitute  the  army  it  will 
become  a  thing  of  the  people  and  they  will  treat  it  as  their  own 
and  a  part  of  themselves  and  not  as  simply  one  among  the 
various  instrumentalities  of  government.  The  present  war 
has  shown  more  clearly  than  ever  before  how  much  of  the  army's 
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work  is  but  an  adaptation  to  military  ends  of  the  materials, 
men,  occupations,  and  organizations  of  civil  and  industrial 
life.  We  can  never  hope  to  secure  in  necessary  numbers  by 
voluntary  enlistment  in  competition  with  commercial  in- 
industries  the  men  of  the  multitude  of  qualifications  needed 
for  the  conduct  of  modem  war  nor  for  an  army  of  a  size  propor- 
tionate to  our  national  standing  and  responsibilities. 

As  regards  the  railroad  artillery,  its  functions  in  coast 
defense  and  inland  warfare  will  be  shared  by  our  heavier 
motor-drawn  artillery  and  supplemented  by  our  lighter  horse- 
drawn  artillery.  Any  or  all  of  these  types  of  artillery  may  be 
engaged  in  harbor  defense  as  well  as  in  coast  defense  or  mobile 
land  warfare.  We  have  seen  in  the  present  war  Coast  Artillery 
and  Field  Artillery  regiments  armed  with  the  same  material 
shooting  at  the  same  targets  and  serving  under  the  same 
brigade  commanders.  Our  railroad  artillery  manned  by 
C.A.C.  troops  is  at  present  more  adaptable  to  the  attack  of 
inland  stationary  targets  than  of  ships. 

The  functions  of  one  type  merge  into  those  of  another  by 
graduations,  too  small  for  radical  demarkation  in  organization 
or  control  to  be  more  than  empirical  or  artificial.  A  horse 
battery  used  to  repel  a  raid  on  the  searchlight  stations  of  a 
seacoast  fort  is  as  much  an  adjunct  to  the  conduct  of  naval 
war  as  a  seacoast  mortar.  Will  it  not  therefore  be  a  measure 
of  economy  and  efficiency  if  all  the  artillery  of  our  army  be 
merged  into  one  corps  composed  of  the  necessary  seacoast 
gun,  mortar,  and  mine  companies,  anti-aircraft  sectors,  trench 
mortar  battalions  and  regiments  and  brigades  of  horse,  light, 
mountain,  motor  drawn,  and  railroad  artillery,  with  their 
ammunition  trains,  artillery  parks,  repair  units  and  railroad 
construction  battalions? 

The  only  gage  we  have  a  right  to  apply  to  this  question  is 
that  of  national  needs  and  war  time  efficiency. 

Instruction. 

(d)  No  sin^e  textbook  known  to  the  writer  covers  the 
essentials  of  railroad  building,  upkeep,  and  working  as  fully 
in  such  condensed  from  as  professional  Papers  No.  32,  C.  E., 
U.  S.  Army,  Military  Railways.  It  should  be  studied  by  all 
officers  of  railroad  artillery  and  form  the  basis  of  the  instruc- 
tion of  enlisted  men.  It  should,  however,  be  used  as  intended, 
namely,  to  supplement  Part  IV,  Military  Railways,  of  the 
Engineer  Field  Manual  (Professional  Paper  No.  29,  C.  E.) 
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as  there  is  some  valuable  matter  in  the  latter  not  included  in 
the  former.  It  would  seem  that  a  new  manual  might  well  be 
prepared  using  the  material  in  both  the  above  publications, 
rearranging  it  and  adding  new  material  gathered  from  the 
experiences  of  our  expeditionary  forces  in  France  and  Russia. 

It  is  noted  that  the  railroad  organization  described  for 
military  railways  in  these  publications  is  that  employed  on 
commercial  railroads  operating  under  what  is  known  as  the 
"Divisional"  system  of  organization.  Many  railroads  in  the 
United  States  still  operate  under  a  less  desirable  organization 
known  as  the  "Departmental"  system.  It  is  well  for  officers 
having  to  deal  with  railroad  officials  to  understand  the  dif- 
ference in  order  to  know  "who  is  who"  on  any  particular  road. 

The  following  outline  of  a  course  of  instruction  for  all  rail- 
road artillery  personnel,  commissioned  and  enlisted,  is  sug- 
gested : 

1.  Operation. 

a.  Defmitions  and  railroad  terminology. 

b.  Safety  precuations  to  be  observed  when  travelling  or 

working  on  a  railroad.     Obstructions,  fouhng  and 
clearance,  Rule  99  Standard  Code. 

c.  Hand,  flag  and  lamp  signals. 

d.  Audible  signals. 

e.  Classification  signals  and  markers. 

f.  Fixed  signal  and  switch  target  indications. 

g.  The  explosive  label,  bad  order  card  and  car  inspection 

signals. 

2.  Way  and  Structures. 

a.  Defmitions  and  nomenclature  of  the  more  common  way 

and  structure  devices  and  parts. 

b.  Names  and  use  of  the  principal  tools  used  in    track 

and  simple  bridge  building. 

c.  Practical  instruction  in  building  or  repairing  a  track. 

d.  How  to  tell  whether  or  not  a  track  or  switch  is  in  safe 

condition  to  use. 

e.  Safety  precautions  to  be  observed  in  using  switches 

and  in  working  around  frogs,  switches,  guard  rails 
and  bridges. 

f.  How  to  operate  a  truntable,  a  water  standpipe,  and  a 

coal  shute. 
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3.     Engines  and  Cars. 

a.  Definitions   and   nomenclature   of   principal   car   and 

engine  parts. 

b.  Names  and  uses  of  the  principal  tools  used  in  work 

around  cars  and  engines. 

c.  Practical  instruction  in  coupling  and  uncoupling  cars. 

d.  Brake  rigging  and  how  to  use  hand  brakes,  and  renew 

a  brake  shoe. 

e.  Detection  of  major  defects  in  wheels  or  running  gear. 

f.  Lubrication.    How    to    pack    a   journal    and    change 

brasses. 

g.  General  principles  of  the  airbrake.     How  to  stop  a 

train  in  an  emergency,  couple  and  uncouple  air  hose, 
and  bleed  a  car. 

h.  Mechanical  maneuvers,  including  use  of  screw  and 
hydraulic  jacks,  blocking,  replacers,  switch  rope, 
push  pole  and  chains. 

i.  Maneuvermg  the  special  material  assigned  to  the  bat- 
tery. Use  of  cranes,  hoists,  firing  platforms,  out- 
riggers, floats,  etc. 

Selected  personnel  of  each  unit  should  be  instructed  in: 

1.  Operation. 

a.     Forms  and  reports  pertaining  to  the  railroad  materiel  of 
artillery. 

b.  Train  rules  and  train  orders. 

c.  Telegraphy,  including  railroad  telegraph  abbreviation 

and  signals. 

d.  Operation  of  simple  interlocking  plants. 

e.  Billing,  checking  and  receiving  military  freight. 

2.  Way  and  Structures. 

a.  Frog  and  switch  work. 

b.  Simple  bridge  work. 

c.  Minor  interlocking  repairs  and  adjustments. 

d.  Maintenance  of  more  common  forms  of  railroad  elec- 

trical apparatus. 

e.  Drawbridge  operation. 

f.  Bridge  warnings  and  loading  gages. 

g.  Snow  fighting. 

3.  Engines  and  cars. 

a.    Anatomy  of  locomotive. 
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b.  Anatomy  of  freight  cars. 

c.  Maintenance  and  operation  of  air  brake  system. 

d.  Road  repairs  of  engines  and  cars. 

e.  Locomotive  firing. 

f.  Locomotive  running. 

g.  Wrecking. 

h.  Care  of  mess,  bunk,  tool,  and  other  special  cars  in- 
cluding sanitary  arrangements. 

i.  Car  heating,  lighting,  water  supply  and  latrine  appara- 
tus. 

We  need  to  instruct  and  train  not  only  the  men  we  have 
but  those  we  expect  to  call  into  service,  especially  as  officers, 
in  time  of  war.  It  is  suggested  that  the  excellent  work  being 
done  by  the  Coast  Artillery  School  in  co-operating  with  the 
colleges  and  technical  schools  to  give  gunnery  and  other 
artillery  instruction  be  extended  to  cover  the  engineering  and 
railroad  societies.  Many  young  engineer  graduates  who  have 
not  served  in  the  heavy  artillery  in  this  war,  especially  those 
employed  on  railroads,  would  be  glad  to  pursue  a  correspond- 
ence or  evening  course  which  supplemented  by  a  period  in 
summer  training  camps  would  lead  to  a  commission  in  the 
Reserve  Corps.  Certificates  of  proficiency  for  prescribed 
courses  completed  might  be  issued  to  railroad  employees  who 
in  war  would  enter  the  enlisted  grades. 

IV 

Relation  of  the  Railroad  Artillery  to 
Commercial  Railroads 

In  time  of  war  even  more  truly  than  in  time  of  peace  the 
railroad  traffic  of  the  United  States  is  the  blood  of  its  national 
life.  We  have  seen  during  the  present  war,  with  our  own 
territory  uninvaded,  a  relatively  small  proportion  of  our 
male  population  serving  in  the  Army  or  Navy  and  with  a 
powerful  centralized  control  assisted  by  the  best  brains  and 
patriotic  efforts  of  the  most  efficient  railroad  officers  in  the 
world,  a  degree  of  congestion  of  this  circulatory  system  which 
at  times  even  threated  the  success  of  our  military  operations. 
Imagine  then  the  conditions  likely  to  obtain  on  our  railroads 
when  perhaps  with  no  more  warning  than  our  European 
allies  had  in  1914,  we  are  plunged  into  war  with  a  power  or 
combination  of  powers,  which  may  by  a  rapidly  achieved  naval 
success  subject  our  sea  frontiers  to  invasion. 
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For  the  Army  to  take  over  the  railroads  at  such  a  time 
would  be  a  much  more  complicated  process  than  it  would  be 
for  the  railroads  in  time  of  a  great  flood,  famine  or  earthquake 
to  take  over  the  Army  to  assist  them  in  the  rapid  concentra- 
tion needed  for  rescue  or  relief  work  in  the  stricken  area. 
It  is  only  by  the  most  intimate  association  and  whole  hearted 
co-operation  with  the  railroad  organization  and  painstaking 
study  of  the  railroad  side  of  our  coast  defense  problems  that 
those  who  have  to  repel  invasion  of  our  extended  shores  by  the 
only  means  by  which  enemy  landings  may  be  prevented, 
namely  our  heavy  mobile  artillery,  can  obtain  the  special 
knowledge  and  breadth  of  view  necessary  to  a  successful 
handUng  of  the  situation. 

Real  emergencies  are  almost  the  exception  in  army  life. 
Even  in  this  greatest  of  wars,  probably  less  than  one  third 
of  the  officers  of  our  permanent  establishment  have  been  in 
battle  and  the  activities  of  war  seldom  arise  more  than  once 
or  twice  and  then  only  for  a  few  months  or  years  in  the  life- 
time of  the  average  army  officer  in  this  country.  The  life  of 
the  railroad  operating  officer,  on  the  other  hand,  is  a  continual 
round  of  encounters  with  the  emergencies  arising  from  fire, 
flood,  washouts,  wrecks,  storms  and  loss  of  communications 
to  say  nothing  of  those  due  to  sudden  and  serious  traffic  con- 
gestions, car  shortages,  and  strikes. 

As  railroad  artillerymen  we  shall  not  have  the  time  nor 
do  we  need  to  become  expert  railroad  operating  men  but  so 
long  as  the  railroad  is  our  only  means  of  movement  and  the 
track  our  firing  platform  we  must  have  a  full  understanding 
of  the  possibilities  as  well  as  the  limitations  of  the  railroad 
branch  of  our  art,  for  while  we  call  to  our  aid  many  sciences 
and  make  their  application  a  profession,  we  shall  find  that  in  the 
handling  of  railroad  artillery  we  are  truly  practicing  an  art. 

Our  railroad  artillery  both  in  peace  and  in  war  must  use 
for  its  movement  the  right  of  way,  main  lines,  sidings,  bridges, 
tunnels,  water  stations,  coaling  plants,  turntables,  telegraph 
and  telephone  lines,  interlocking  plants,  and  block  signal 
systems  of  commercial  railways.  In  time  of  peace  these  will 
be  manned  by  the  civialian  railroad  personnel.  The  extent  to 
which  in  time  of  war  this  personnel  will  be  taken  over  by  the 
Army  or  by  some  other  governmental  agency  is  a  matter  for 
most  careful  study  and  will  be  effected  primarily  by  the  d 

nature  and  extent  of  military  operations  in   any  territory. 
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Needless  to  say  the  less  we  interfere  either  in  peace  or  war 
with  the  normal  functioning  of  the  great  railroad  organism 
the  better  it  will  serve  us. 

The  part  of  the  railroad  artillery  game  that  the  roads  will 
have  to  play  is,  except  for  the  possible  exposure  of  their  person- 
nel to  hostile  fire,  nothing  different  from  what  they  are  having 
to  play  every  day.  Their  life  business  is  **getting  there." 
Let  them  understand  what  we  want  accomplished  and  they 
will  not  only  help  us,  but  show  us  how  to  help  ourselves.  We 
can't  play  the  railroad  artillery  game  in  this  country  unless 
we  artillerymen  acquire  and  maintain  a  sympathetic  under- 
standing with  the  commercial  railroads,  learn  their  language 
and  get  in  bed  with  them.  We  spend  our  lives  getting  ready 
to  fight.  They  fight  their  part  of  our  battle  every  day.  We 
need  them  in  our  business. 

Our  railroad  artillery  in  France  has  operated  chiefly  upon 
railroads  that  were  strictly  military  and  hence  has  not  had  to 
meet  many  of  the  problems  it  will  have  to  meet  at  home, 
especially  in  peace  time.  Throughout  the  present  war  the 
railroads  in  the  United  States  have  been  under  a  centralized 
control  such  as  they  never  had  before  and  have  had  to  meet 
conditions  of  congestion  of  traffic  and  shortage  of  material 
and  trained  personnel  never  before  encountered.  The  U.  S. 
Railroad  Administration  has  probably  operated  the  lines  with 
much  less  satisfaction  to  travelers  and  shippers  than  the 
privately  owned  organizations  would  have  given  in  time  of 
peace,  but  much  more  successfully  so  far  as  the  conduct  of  the 
war  is  concerned  than  could  have  been  done  under  private 
ownership.  From  a  military  standpoint  government  owner- 
ship or  complete  governmental  control  is  highly  desirable. 
The  railroad  outlook  in  this  country  is  at  present  greatly 
confused.  The  Director  General  of  Railroads  rightly  claims 
that  the  results  of  war  time  operation  of  the  roads  are  no 
criterion  of  the  service  and  saving  their  governmental  opera- 
tion in  time  of  peace  would  accomplish. 

The  fear  generally  expressed  is  that  any  considerable 
continuation  of  government  operation  would  lead  to  ultimate 
government  ownership,  which  to  most  of  those  well  informed 
appears  highly  undesirable.  It  may  be  that  we  shall  see  the 
railroads  restored  to  private  operations  within  a  few  months 
with  more  or  less  governmental  control,  (probably  more  than 
before  the  war),  in  which  case  it  will  be  necessary  for  the  mili- 
tary establishment  to  deal  with  them  as  private  corporations. 
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There  are  some  arrangements  and  methods  instituted  by  the 
R.  R.  Administration  during  the  war  that  the  railroad  com- 
panies may  desire  to  perpetuate,  either  as  private  or  govern- 
mental agencies,  for  example,  the  regional  control.  If 
congress  will  legalize  and  regulate  some  of  the  pooling  methods 
employed  under  government  management,  the  relations  of 
the  War  Department  to  the  roads  can  be  greatly  simplified. 

If  the  railroads  revert  to  their  pre-war  status  in  which  the 
government  regulated  their  rates  with  great  thoroughness, 
but  exercised  relatively  little  control  over  their  operations,  it 
will  be  necessary  if  railroad  artillery  is  to  form  a  part  of  our 
military  establishment  and  is  to  have  its  capabilities  at  all 
developed,  for  the  most  intimate  and  definite  relations  to  be 
established  between  the  War  Department  and  the  American 
Railway  Association.  This  association  has  shown  a  very 
commendable  spirit  in  co-operating  in  peace  time  with  the 
instrumentalities  through  which  the  government  touches  the 
railroads,  namely  the  interstate  Commerce  Commission. 
Undoubtedly  some  of  this  spirit  may  have  been  due  to  an 
enlightened  self-interest,  which  courted  regulation  by  the 
Federal  Government  rather  than  the  very  disturbing  condi- 
tions incident  to  regulation  by  the  several  states  and  it  is 
believed  that  the  railroad  companies  would  welcome  a  much 
more  stringent  Federal  regulation  than  existed  before  the  war, 
if  it  would  assure  freedom  from  state  interference.  Fortunately 
it  has  been  judicially  determined  that  in  matters  in  which  the 
Interstate  Commerce  Commission  exercises  jurisdiction  the 
states  cannot.  It  is  not  to  be  doubted  that  if  the  War  Depart- 
ment will  make  known  to  the  Interstate  Commerce  Com- 
mission and  the  American  Railway  Association  its  needs  in 
regard  to  the  handling  of  railroad  artillery  the  fullest  co- 
operation may  be  had.  Of  course,  as  long  as  the  Railroad 
Administration  continues  its  control  it  is  the  organization  to 
be  dealt  with  and  it  is  suggested  that  advantage  be  taken  of 
the  experience  gained  by  it  during  the  war  to  obtain  from  it 
all  the  reports  and  information  possible,  to  be  used  in  studies 
of  the  relations  to  exist  between  the  artillery  and  the  railroads 
both  in  time  of  peace  and  time  of  war. 

A  most  important  work,  from  a  military  standpoint  is 
being  done  by  the  Valuation  Division  of  the  I.C.C.  So  far 
as  the  writer  is  aware  this  division  is  the  only  branch  of  the 
government  that  has  complete  plans  and  data  regarding  all 
nght  of  way,  lands,  bridges,  trackage,  plant,  and  equipment 
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of  the  railroads.  Collaboration  with  it  should  afford  great 
economy  in  getting  the  information  needed  for  a  study  of 
existing  trackage  and  equipment. 

The  peace  time  training  and  movement  of  railroad  artil- 
lery involves  co-operation  with  the  railroads  on  the  following 
matters : 

a.  A  study  of  existing  trackage,  bridges,  tunnels  and  other 
structures  on  both  main  lines  and  sidings  of  both  coastwise 
and  inland  roads  to  determine  their  adequacy  as  to  strength, 
clearness  and  capacity  for  existing  or  proposed  railroad  artil- 
lery materiel. 

b.  A  classification  of  trackage  on  the  basis  of  what  artil- 
lery materiel  can  be  handled  over  it  and  what  cannot. 

c.  Arrangements  with  the  railroads  for  the  improvement 
of  clearance  or  strengthening  of  structures,  both  where  the 
normal  renewals  by  the  railroad  companies  would  make  con- 
ditions satisfactory  for  the  use  of  our  heaviest  material  without 
added  expense  to  the  raliroads,  and  also  where  the  estimated 
needs  of  the  railroad  would  be  adequately  met  by  less  expen- 
sive renewals,  the  government  bearing  any  excess  cost  neces- 
sary to  put  the  track  and  structures  in  condition  to  suit  the 
needs  of  the  heaviest  railroad  artillery  materiel  to  be  used 
there.  The  matter  of  turntables  or  wye  tracks  for  turning 
railroad  gun  cars  not  having  all  around  fire  is  of  greatest  impor- 
tance. 

Note. — The  I.C.C.  now  has  complete  control  of  the 
standards  for  railway  safety  appliances  (rolling  equipment 
only)  but  has  no  jurisdiction  over  the  standards  of  roadway  or 
bridge  construction. 

d.  Membership  of  the  War  Department  in  the  Master 
Car  Builders  Association  to  standardize  railroad  equipment 
and  to  secure  road  repair  of  artillery  rolling  stock  under  M.C. 
B.  interchange  rules.  This  is  absolutely  essential  where  these 
vehicles  are  to  be  moved  as  freight  unaccompanied  by  their 
own  personnel  in  which  case  there  could  be  no  access  to  spare 
parts  by  the  railroad  personnel.  Naturally  the  War  Depart- 
ment must  accept  and  pay  the  bills  of  the  road  making  the 
repairs  in  transit  without  any  certification  by  an  officer  of 
the  army  as  to  the  performance  of  the  repairs  as  there  would 
be  no  officer  present  in  such  cases  any  more  than  in  the  case  of 
cars  belonging  to  other  roads  instead  of  to  the  United  States. 
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e.  Enforcement  of  the  I.C.C.  regulations  for  the  safe 
transportation  of  explosives,  inflamables  and  other  dangerous 
articles  and  conformity  therewith  by  artillery  and  railroad 
personnel  in  charge  of  loading  and  shipping  ammunition. 
This  includes  not  only  the  protection  of  our  own  matferiel  and 
permanent  use  of  I.C.C.  explosive  labels  on  our  own  cars, 
but  instruction  of  personnel  in  safety  precautions  concerning 
other  explosives  or  dangerous  shipments,  commercial  or 
government,  encountered  in  trains  or  in  yards. 

f.  Arrangements  for  acceptance  and  release  of  custody 
of  trains  moved  by  either  railroad  or  artillery  crews  with 
definition  of  authority  and  responsibility  of  railroad  and 
artillery  personnel. 

g.  Arrangements  for  the  use  of  railroad  company  pilots 
on  trains  operated  by  artillery  personnel. 

h.  Determination  of  any  necessary  departures  from 
standard  forms  of  sidetrack  agreements  including  provision 
for  maintenance  by  railroad  companies  of  approach  and  firing 
tracks  wholly  or  partly  on  land  owned  or  leased  by  the  govern- 
ment. 

i.  Arrangement  for  the  use  for  commercial  traffic  of  new 
tracks  built  primarily  for  artillery  use  and  vice  versa. 

j.  Rules  governing  artillery  personnel  during  temporary 
use  of  side  tracks  owned  by  railroads  and  on  their  right  of  way. 

k.  Arrangements  as  to  rental  or  demurrage  charges 
where  railroad  sidings  are  used  for  artillery  material,  including 
fuel,  water,  repair  and  supply  arrangements  for  government 
owned  locomotives  while  on  commercial  railroads.  (M.C.B. 
interchange  rules  do  not  apply  to  locomotives.) 

1.  Arrangement  for  wrecking  charges  and  use  of  wreck- 
ing equipment  and  care  of  disabled  artillery  rolling  stock 
wrecked  while  in  transit  unaccompanied  by  its  own  personnel. 

m.  Arrangement  for  use  and  charge  for  snow  fighting, 
track  laying,  and  weed  burning  equipment. 

n.  Arrangement  for  use  of  air-brake  and  other  instruction 
cars,  belonging  to  railroads  and  for  instruction  of  officers  or 
men  in  railroad  schools. 

o.  Arrangement  with  American  Railway  Association  and 
technical  railroad  societies  for  supply  of  latest  official  changes  in 
rules  and  standards. 
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p.  Arrangement  for  the  use  of  railroad  locomotives  and 
crews  for  temporary  movement  or  visits  of  artillery  trains  to 
firing  positions  for  drill  practice. 

q.  Arrangements  with  railroads  for  investigation  of  acci- 
dents or  damage  to  U.  S.  property  on  railroads  by  military 
boards  or  courts  having  legal  status  rather  than  by  railroad 
official  investigation  having  no  legal  status. 

r.  Standardization  of  requirements  of  instruction  and 
examination  of  artillery  personnel  who  may  be  assigned  to 
train  operation. 

Many  other  matters  would  doubtless  arise  requiring  our 
getting  together  with  the  railroads.  It  cannot  be  expected 
that  all  of  them  will  develop  until  we  and  they  have  together 
had  experience  in  war,  but  our  manifest  duty  lies  in  exercising 
as  great  foresight  as  possible  and  settling  as  soon  as  possible 
with  the  railroads  all  matters  of  common  concern.  A  word 
from  the  War  Department  will  put  at  its  disposal  through  the 
various  governmental  and  technical  organizations  mentioned 
above,  plans,  data,  and  information  and  the  time  and  brains  of 
competent  railroad  men  glad  to  serve  without  compensation 
on  boards  or  in  consultation.  The  views  of  these  men  who 
before  the  war  knew  nothing  of  military  affairs  will  now  have 
an  enhanced  value  through  their  association  with  the  problems 
that  the  railroads  have  had  to  meet  with  while  the  war  was  in 
progress. 

It  is  fully  realized  that  in  time  of  war,  and  with  the  rail- 
roads under  mihtary  control,  those  officers  of  the  Quarter- 
master Corps  or  of  the  Corps  of  Engineers  who  will  be  in 
charge  of  military  railways  will  have  an  adequate  idea  as  to 
the  transportation  needs  of  the  railroad  artillery.  They  will, 
however,  be  concerned  largely  with  administration  problems 
and  the  existing  railroads  of  the  country  will  become  "Supply 
Railways"  as  defined  in  Pars.  2  and  32  of  Professional  Papers, 
No.  32,  C.E.,  U.S.  Army,  MiUtary  Railways,  Revised  Edition, 
1917.  They  will  have  Uttle  or  nothing  to  do  with  the  railroad 
artillery  in  time  of  war  from  the  time  it  clears  the  main  line, 
until  its  mission  on  its  firing  tracks  is  completed,  it  has  again 
become  a  part  of  the  main  line  traffic  to  move  to  some  remote 
position  or  to  some  rear  area.  In  time  of  peace  the  military 
railway  personnel  will  have  nothing  to  do  with  railroad  artillery 
while  on  commercial  railroads  so  we  must  for  that  reasonjif 
for  no  other  learn  to  take  care  of  ourselves. 
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The  above  is  taken  from  an  estimate  sheet  of  an  important 
railroad.  Prices  are  revised  to  January,  1919.  Cost  of  track 
using  different  weights  of  rail  can  be  computed  from  the  unit 
prices  given  above.  Grading  from  borrow  pits  along  the  line 
can  be  done  at  from  40c  to  60c  per  cubic  yard.  Material 
hauled  in  by  train  will  cost  from  $1.00  to  $2.00  per  cubic 
yard.  Cost  of  necessary  right  of  way,  bridges  and  culverts 
should  be  added. 

APPENDIX  "B" 

ESTIMATED  CHARGE  PER  DAY  FOR  USE  OF 
ENGINE  AND  TRAIN  CREW 

When  it  was  proposed  to  station  7-inch  Naval  Guns  on 
railway  mounts  at  Marathon,  Fla.,  in  July,  1918,  to  protect 
the  viaduct  of  the  Florida  East  Coast  Railway,  the  railroad 
company  presented  the  following  estimate  of  charges,  based 
on  having  one  locomotive  and  caboose  stationed  there  with 
the  three  crews  required  under  the  Hours  of  Service  Law  to 
afford  service  at  any  hour  of  the  day  or  night. 

Fuel  and  water  charge  is  based  on  a  run  of  100  miles  per 
day  and  is  the  same  whether  the  train  moves  or  not: 

Rental  of  engine $20.00 

Fuel,  water  and  mechanical  expense 68.00 

Caboose  and  transportation  supplies 1.00 

Three  crews — 8  hr.  shifts 67.80 

Rental  of  Tank  car  for  oil  fuel 2.00 

Total $158.80 

Xhe  above  figures  adjusted  on  the  basis  of  one  crew  for  each 
8-hour  shift  would  be  substantially  correct  for  use  of  com- 
mercial engines  and  train  crews  handling  railroad  artillery 
from  base  to  firing  positions  for  drill  or  practice.  With  artil- 
lery locomotives  and  qualified  crews  the  railroad  company 
would  bill  for  use  of  trackage  and  service  of  pilot  only. 
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By  Captain  Edward  M.  Burd,  Coast  Artillery. 


Whenever  artilleiy  is  fired  at  invisible  targets  the  determi- 
nation of  the  direction  of  the  gun-target  Une  is  perhaps  the 
most  vital  element  of  the  system.  Present  indications  point 
to  the  firm  establishment  of  indirect  methods  cf  fire  for  heavy 
artillery  used  in  land  warfare.  With  increasing  range  it  is  not 
improbable  that  seacoast  armament  may  be  fired  more  by 
Case  III  in  the  future  than  in  the  past.  While  a  position- 
finding  system  need  not  necessarily  be  oriented,  it  requires 
but  little  more  work  and  is  a  great  deal  more  convenient  to 
have  all  directions  indicated  by  their  true  azimuths,  and  is 
almost  essential  when  it  comes  to  extending  the  system  or 
connecting  it  to  other  systems.  Consequently,  the  Artillery 
Officer  is  confronted  with  the  necessity  for  determining  true 
north — geographic  north — ^whenever  firing  data  is  to  be  pre- 
pared, or  any  surveying  or  map  work  is  \o  be  done. 

During  the  past  emergency  great  efforts  have  been  made 
to  extend  and  improve  the  art  and  science  involved  in  the  use 
of  artillery,  and  Meridian  Determination  has  received  its  full 
share  of  attention.  The  two  or  three  methods  more  or  less 
standard  among  Army  and  civilian  engineers  have  been  in- 
creased to  about  a  dozen.  Many  of  the  supposedly  new 
methods  are  put  forth  without  any  apparent  hesitation,  to 
say  the  least.  The  practical  astronomer  or  the  experienced 
field  engineer,  knowing  that  the  subject  has  been  exhaustively 
investigated  for  hundreds  of  years,  would  suspect  that  in  time 
the  more  impractical  methods  will  naturally  gravitate  into  the 
discard — a  survival  of  the  fittest.  But  most  of  us  are  too  busy 
with  other  duties  to  become  accomplished  scientists,  and  when 
we  need  to  make  a  determination  of  direction  it  is  desirable 
that  some  ready  reference  indicate  the  procedure  for  two  or 

*A  comparison  of  the  many  methods,  with  a  general  statement  of  the 

principles  involved  in  each,  and  of  its  advantages  and  disadvantages  for 

actual  field  use. 

(»7) 
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three  of  the  more  suitable  methods,  saving  time  and  thought 
which  might  otherwise  be  wasted  on  impractical  academic 
solutions  of  the  problem. 


Results  of  Comparative  Observatiohs  for  DnrRMiNiNgJ^TVaKym  or  k  Iwe 


PLATE   1 


Pidtel 


SMt 


This  article  is  the  outgrowth  of  a  series  of  experiments 
undertaken  as  a  matter  of  purely  personal  interest,  with  the 
idea  of  making  an  impartial  and  unprejudiced  comparison  of 
the  many  methods  from  the  standpoint  of  actual  field  use.     A 
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convenient  line  was  arbitrarily  chosen  and  permanently 
marked  upon  the  ground,  and  some  sixty  separate  and  distinct 
observations  were  made  to  determine  the  azimuth  of  the  line, 
using  as  many  methods  as  possible.  The  observations  and 
computations  being  all  made  by  the  same  person,  using  the 
same  transit,  and  keeping  all  other  external  conditions  the 
same,  the  results  should  be  fairly  comparable.  Also,  no 
attempt  was  made  to  do  the  work  with  greater  care  or  precision 
than  would  be  expected  of  ordinary  field  work  under  rather 
unfavorable  conditions,  as  will  be  evidenced  by  the  results, 
which  have  been  tabulated  on  Plate  I.  In  fact,  all  the  obser- 
vations were  made  during  rather  disagreeable  winter  weather, 
and  the  results  as  here  shown  are  not  exhibited  as  a  measure 
of  the  precision  which  should  attend  the  planning  and  execu- 
tion of  the  azimuth  determination  for  any  permanent  or  exten- 
sive work.  Each  and  every  observation  made  was  computed 
and  the  results  are  here  shown,  regardless  of  the  lack  of  agree- 
ment of  those  results,  since  the  discarding  of  any  observations 
would  have  vitiated  the  impartiality  of  the  comparison.  The 
results  of  all  this  work  are  shown  on  Plate  I.  No  further 
comment  or  comparison  of  these  figures  appears  to  be  neces- 
sary, as  the  reader  will  probably  perfer  to  draw  his  own  con- 
clusion. 

In  the  course  of  this  investigation  careful  search  on  the  sub- 
ject was  made  through  most  of  the  standard  texts  on  astronomy 
and  surveying,  the  publications  of  the  Coast  Artillery  School 
and  of  the  Heavy  Artillery  School,  A.E.F.  Each  authority 
usually  limits  its  discussion  to  a  few  methods,  explaining  them 
in  detail  and  possibly  commenting  upon  their  relative  merits; 
but  usually  no  general  comparison  is  made,  and  the  books  do 
not  necessarily  select  the  same  few  methods  from  the  number 
available.  Plate  II  gives  a  summary  of  the  apparent  prefer- 
ences of  each  authority,  and  indicates  the  detail  and  space 
allotted  to  each  of  the  methods  considered.  An  attempt  has 
been  made  to  estimate  the  order  in  which  each  authority 
would  rank  the  methods,  as  indicated  by  the  figures.  An 
average  or  composite  rank,  as  shown  at  the  bottom  of  Plate  II, 
has  been  made  by  averaging  the  individual  figures.  In  a  way 
this  average  may  be  assumed  to  approximate  a  fair  ranking 
of  the  methods,  judged  largely  by  theoretical  considerations 
by  the  best  authorities  on  the  subject. 

This  comparison  has  also  been  attacked  from  another  angle, 
from  the  standpoint  of  engineers  who  have  had  actual  field 
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experience  in  this  kind  of  work,  and  appreciate  the  short- 
comings of  each  method  from  that  point  of  view,  which  is 
only  obtained  by  experience.     This  is  the  viewpoint  most 
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PLATE    II 

often  lacking  in  books,  and  it  was  rather  singular  that  in  only 
one  of  the  books  just  compared  was  any  consideration  given 
to  the  many  points  which  always  arise  in  the  course  of  field 
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work  of  observation,  questions  which  often  more  vitally 
affect  the  results  than  minor  defects  in  the  theory.  As  a 
basis  of  comparison  a  rating  scale  was  devised.  It  was  used 
independently,  without  comparison  with  the  others,  by  each 
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of  the  officers  who  rated  these  methods.  The  results  of 
these  ratings  are  shown  on  the  upper  table  of  Plate  III,  being 
the  upper,  light-faced  figures  under  each  method.  On  the 
basis  of  each  of  these  ratings  the  methods  were  ranked  as 
indicated  by  the  lower,  heavy-faced  figures.     At  the  bottom 
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of  this  upper  table  are  shown  the  average  ratings,  the  rank 
based  upon  this  average  rating,  and  the  rank  based  upon  the 
average  of  the  individual  rank  figures.  Due  to  the  personal 
element  the  individual  ratings  are  probably  not  as  strictly 
comparable  as  the  ranking;  hence  the  average  rank  has  been 
used  at  the  bottom  of  Plate  III  in  comparison  with  the  average 
rank  deduced  from  the  data  on  Plate  II.  This  final  compari- 
son is  the  most  interesting  one.  There  is  a  close  agreement, 
with  the  exception  of  the  Solar  Altitude  method.  Concerning 
star  observations  there  appears  to  be  but  little  chance  for 
argument  in  view  of  the  rather  close  and  similar  grading  of 
the  methods  which  fall  in  the  preferred  half  of  the  list,  headed 
by  Polaris  Hour  Angle,  Polaris  at  Elongation,  and  Equal 
Altitude.  There  will  always  be  a  legitimate  difference  of 
opinion  as  to  the  best  method,  or  as  to  the  least  desirable 
method,  due  to  the  particular  situation  in  which  the  observa- 
tion is  to  be  made.  But  there  seems  to  be  little  question  as 
to  whether  any  one  method  falls  in  the  first  half  of  the  list 
or  in  the  last  half,  and  this  is  the  main  point  of  this  comparison. 

The  rating  scale  upon  which  the  engineers*  ratings  were 
based  is  on  the  scale  of  100  for  a  method  perfect  in  every 
particular.  Of  this  total  45  points  were  assigned  to  field  work, 
35  to  the  theoretical  considerations,  and  20  points  to  ease  of 
computation;  representing  the  maximum  values  possible  for 
perfection  in  each  respect.  Each  of  these  divisions  is  again 
subdivided,  all  of  which  is  a  matter  of  judgement,  of  course, 
but  a  question  upon  which  considerable  time  and  thought  was 
placed  by  several  who  are  interested  in  the  subject.  A  ques- 
tion may  be  raised  concerning  the  advisability  of  giving  the 
largest  weight  to  field  work,  but  those  who  have  spent  cold 
and  generally  disagreeable  hours,  often  at  night,  trying  to 
get  a  complete  and  satisfactory  observation  will  readily  agree 
with  the  relations  here  assumed.  While  precise  results  are 
always  to  be  desired,  this  precision  is  all  too  often  controlled 
by  the  ability  to  manipulate  instruments  quickly  and  dexter- 
ously, rather  than  by  the  theory  of  the  situation.  Skill  and 
dexterity  are  largely  affected  by  the  simplicity  of  the  field 
operations,  for  simple  methods  inspire  confidence,  the  lack  of 
which  is  fatal  to  most  instrument  work.  In  detail  the  rating 
scale  is  as  follows: 

1.     Ease  and  Quickness  of  Field  Work,  a  total  of 45  pts. 

a.   Ease  and  certainty  of  distinguishing 
the  object  observed,  14 
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b.  Availability  of  the  method  for  use  at 
any  hour  and  under  unfavorable 
weather  conditions, 14 

c.  Ease  of  handling  the  instruments  used 
for  observation, 8 

d.  Freedom  from  the  need  for  special  at- 
tachments, precise  time  and  other  ac- 
cessories,      9 

45 

2.  Precision  of  Results,  a  total  of 35  pts. 

a.  Theoretical  considerations,  such  as 
the  shape  of  the  triangles  solved,  lack 

of  adjustment,  time  errors,  etc., 10 

b.  Practical  considerations,  such  as  er- 
rors in  pointing,  reading  time,  vern- 
iers, etc., 15 

c.  Adaptability  of  the  method  to  all 
places  on  the  earth,  as  regards  astro- 
nomical principles, 10 

35 

3.  Ease  of  Computations^  a  total  of . 20  pts. 

a.  Shortness  and  directness  of  method,  _  -  12 

b.  Freedom  from  the  necessity  for  special 
tables,  formulas,  or  other  data, 8 

20 

Total, 100  pts. 

In  conclusion  only  the  most  broad  and  general  statements 
appear  to  be  advisable.  The  first  question  to  be  answered 
concerning  any  meridian  determination .  is  in  regard  to  its 
use.  If  it  is  an  original  determination  for  the  orientation  of 
any  new  work  or  layout,  or  for  any  other  reason  should  be 
precise  to  a  matter  of  seconds,  the  means  by  which  the  infor- 
mation is  to  be  obtained  must  be  adapted  to  the  precision 
required.  This  appears  to  eliminate  solar  observations.  On 
the  other  hand,  for  quick  and  approximate  determinations,  as 
might  be  used  for  checking  purposes,  solar  methods  are  well 
suited.  Further  specification  seems  to  be  unwarranted,  as 
time  of  the  year  or  of  the  day,  location  on  the  earth,  instru- 
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ments  and  time  available,  etc.,  are  controlling  conditions 
which  will  usually  decide  the  question,  rather  than  any  general 
preference  to  one  particular  method.  The  effects  of  these 
local  conditions  and  requirements,  and  the  practical  execu- 
tion of  each  method  are  taken  up  in  detail  in  the  following 
discussion,  upon  the  assumption  that  these  points  are  least 
often  considered  in  books  or  other  reference  works  on  the  sub- 
ject. 

Equal  Altitudes 

♦  Theory. — To  an  observer  on  the  Earth,  each  of  the  so-called 
fixed  stars  appears  to  move  around  a  circular  path  from  east 
to  west,  the  center  of  each  circle  being  on  the  axis  of  rotation 
of  the  Earth.  Each  orbit  lies  in  a  plane,  and  the  planes  are 
all  parallel  to  each  other  and  perpendicular  to  the  axis  of  the 
Earth.  A  line  connecting  two  positions  of  any  star  on  its 
circular  path  is  a  chord  of  its  circle.  The  plane  which  is  per- 
pendicular to  this  chord,  and  bisects  it,  must  pass  through  the 
axis  of  the  Earth,  intersecting  the  surface  along  a  meridian. 
If  an  observer  constructs  a  horizontal  chord  by  selecting  two 
positions  of  a  star  which  have  the  same  altitude,  and  measures 
the  angle  subtended  by  these  two  positions,  the  bisector  of 
this  angle  lies  in  the  perpendicular  bisecting  plane,  and  hence 
is  a  true  north 'and  south  line.  The  fact  that  the  observer  is 
not  on  the  axis  of  the  Earth  introduces  no  error.  All  this  is 
easily  accomplished  by  use  of  the  engineer's  transit.  By 
intersecting  the  path  of  a  star  at  equal  altitudes  the  chord  is 
established,  the  angle  between  its  extremities  is  measured  on 
the  horizontal  circle,  and  sighting  the  telescope  along  the 
bisector  of  the  angle  estabHshes  a  north  and  south  Hne. 

Practical  Considerations. — Any  star  path  may  be  used  if, 
at  the  points  to  be  observed,  it  is  changing  in  altitude  rapidly 
enough  to  give  clear  cut  readings.  A  star  near  the  meridian 
is  changing  too  slowly  in  altitude  to  do  this.  Also,  readings 
within  ten  degrees  of  the  horizontal  are  too  erratically  affected 
by  refraction  to  be  dependable.  The  star  selected  should  be 
changing  rapidly  in  altitude  and  slowly  in  azimuth  at  the 
time  of  obsefvation,  and  for  convenience  the  altitude  should 
be  about  30  degrees,  and  the  star  should  be  at  least  two  hours 
away  from  the  meridian,  requiring  an  elapsed  time  of  observa- 
tion of  at  least  four  hours.  This  condition  may  easily  be 
realized  on  any  clear  night  ^t  any  point  on  the  surface  of  the 
Earth  Excepting  when  close  to  the  poles,  perhaps  within  10 
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degrees  of  them,  in  which  regions  all  stars  appear  to  change  in 
altitude  very  slowly.  At  all  points  in  the  temperate  zones 
many  stars  will  meet  these  conditions  at  all  times  of  the  night. 

In  the  North  Temperate  Zone  use  is  made  of  a  special 
case  of  this  general  situation,  well  suited  to  give  very  precise 
results.  In  the  winter  season  as  soon  as  darkness  comes 
some  star  within  20  or  30  degrees  of  the  celestial  pole  may 
usually  be  found  at  eastern  elongation,  and  its  direction  at 
that  time  may  be  found  and  marked  on  the  ground  with 
great  precision,  without  regard  to  altitude.  Some  nine  to 
twelve  hours  later,  while  it  is  still  dark,  the  same  star  will  be 
at  western  elongation  and  its  direction  at  that  time  may 
similarly  be  marked  upon  the  ground.  The  bisector  of  the 
angle  between  the  two  lines  so  marked  points  to  true,  or 
geographic,  north.  This  is  perhaps  the  simplest  and  the  most 
precise  use  of  this  method,  as  not  even  altitude  measurements 
are  necessary. 

The  general  case  is  also  simple  as  no  measurements  of 
time  or  knowledge  of  latitude  or  longitude  are  required,  and 
no  tables  of  any  kind  need  be  consulted,  only  an  observer 
and  a  transit  being  necessary.  The  minimum  of  about  five 
hours  of  elapsed  time  between  observations  may  be  incon- 
venient, depending  on  the  urgency  of  the  work. 

While  the  stars  do  not  move  in  true  circles  the  variation 
is  too  minute  to  be  of  any  consequence.  Observations  made 
under  the  worst  conditions,  about  six  months  apart,  instead 
of  five  hours,  would  give  from  this  cause  a  maximum  error  in 
direction  of  about  30  seconds.  The  instrument  should  be 
in  good  adjustment  and  carefully  leveled  during  observation. 
If  the  vertical  circle  index  is  correct,  all  other  errors  of  adjust- 
ment may  be  eliminated  by  making  the  first  observation  with 
telescope  direct  and  the  second  with  telescope  inverted. 

East  and  West  Stars,  Altitude  Method 

Theory. — ^The  so-called  Altitude  Method  of  making  obser- 
vations on  any  star,  planet,  the  sun  or  the  moon,  by  means  of 
which  the  direction  of  geographic  north  may  be  computed 
with  the  help  of  certain  tabulated  astronomical  quantities, 
is  the  general  case  of  which  most  of  our  methods  are  only 
some  special  adaptation.  The  East  and  West  Star  method  is 
so  named  because  in  our  latitude  the  observation  of  stars  in 
these  two  regions  of  the  sky  allows  easy  manipulation  of  the 
instruments  and  furnishes  well  shaped  triangles  for  computa- 
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tion.    Theoretically  the  method  is  general  and  may  be  applied 
to  any  visible  star. 

The  general  case  requires  the  solution  of  a  spherical 
triangle;  following  an  observation  in  which  the  horizontal 
angle  from  some  fixed  mark  to  the  star  is  measured,  and  the 
angle  of  elevation  of  the  star  is  measured,  and  the  time  of 
observation  noted.  All  three  sides  are  acrs  of  great  circles  of 
the  celestial  sphere.  One  side  is  the  arc  extending  from  the 
observer's  zenith  to  the  celestial  north  pole  (in  the  northern 
hemisphere)  and  corresponds  to  the  Earth's  meridian  from 
observer  to  pole,  the  direction  of  which  is  to  be  found.  The 
length  of  this  arc,  in  angular  measure,  is  the  complement  of 
the  observer's  latitude,  usually  known  or  estimated  with 
sufficient  precision  from  a  map.  The  second  side  of  the  triangle 
is  the  arc  of  the  great  circle  extending  from  the  observed  star 
to  the  celestial  pole,  known  as  the  polar  distance  of  the  star. 
Actually,  this  polar  distance  is  found  by  adding,  algebraically, 
90  degrees  to  the  declination,  which  is  the  angular  distance 
from  the  star  to  the  celestial  equator.  If  the  declination  is 
north  (usually  marked  +  in  an  emphemeris)  it  is  subtracted 
from  90  degrees  to  obtain  the  polar  distance.  Practically 
all  visible  heavenly  bodies  are  studied  by  astronomical  observ- 
atories and  the  declination  is  computed  with  great  precision 
for  several  years  in  advance  and  published  in  the  form  of  an 
ephemeris.  The  Nautical  Almanac  compiled  by  the  Naval 
Observatory,  Washington,  D.C.,  is  the  most  complete  one 
obtainable  in  this  country.  Having  an  ephemeris,  this  declina- 
tion may  be  determined,  usually  as  a  function  of  the  time  of 
observation,  which  must  be  noted  when  the  observation  is 
made.  If  the  declination  is  changing  rapidly  the  exact  time 
must  be  noted,  while  if  the  declination  is  varying  but  little  the 
time  need  be  known  only  approximately.  The  declination  of 
the  fixed  stars  changes  slowly,  the  maximum  variation  through- 
out a  year  being  only  about  50  seconds,  hence  the  daily  varia- 
tion is  of  no  importance  in  work  of  this  degree  of  precision  and 
the  second  side  of  the  triangle  is  easily  found  by  consulting  an 
ephemeris  without  any  exact  time  being  necessary.  The 
third  side  of  the  triangle  is  the  arc  of  a  great  circle  passing 
through  the  star  and  the  observer's  zenith.  From  horizon  to 
zenith  is  90  degrees.  From  horizon  to  star  is  the  measured 
altitude  (vertical  angle  corrected  for  the  refraction,  etc.). 
The  difference  is  the  third  side  of  the  triangle.     Having  three 
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sides,  the  angle  *'A'*  at  the  observer  may  be  computed  by  using 
the  following  formula  from  spherical  trigonometry: 

tan  3^  A  =     -^/sin  (S-lat.)  sin  (S-alt.) 

cos  S  cos  (S-pol.  dist.) 

where  S  is  the  half  sum,  in  angular  measure,  of  the  three  sides 
of  the  triangle. 

In  making  the  observation  it  is  necessary  to  measure  the 
horizontal  angle  from  some  permanent  mark  to  the  star. 
In  the  spherical  triangle  the  angle  computed  is  the  horizontal 
angle  from  true  north  to  the  star.  Properly  combining  these 
two  angles  gives  the  angle  from  the  mark  to  true  north,  which 
is  the  desired  solution. 

Practical  Considerations. — The  theoretical  requirements 
for  a  complete  solution  are;  (a)  a  well-shaped  spherical  triangle 
(observer-pole-star),  (b)  known  latitude  of  the  place  of  obser^ 
vation,  (c)  precise  measurement  of  the  horizontal  angle  from 
mark  to  star  and  the  vertical  angle  to  star  (altitude),  (d)  time 
of  observation  within  a  few  days,  (e)  an  ephemeris  and  other 
means  of  computation.  The  practical  means  of  supplying 
this  data  is  usually  the  controlling  factor,  of  this  or  any  other 
method. 

(a),  (b),  and  (c)  A  well  shaped  triangle  is  obtained  by  select- 
ing a  star  nearly  east  or  west  of  the  observer  and  about  25  to  40 
degrees  above  the  horizon.  The  variable  side  of  the  triangle  is 
usually  the  altitude  side,  due  to  slight  errors  caused  by  refrac- 
tion, aberration  of  light,  parallax  of  the  observer's  position  with 
regard  to  the  center  of  the  Earth,  lack  of  precision  in  measuring 
the  vertical  angle,  etc.  The  triangle  should  be  so  shaped  that 
variation  in  the  length  of  this  sid^  has  but  little  effect  on  the 
magnitude  of  the  angle  at  the  observer.  A  triangle  with  a 
right  angle  at  the  star  meets  this  requirement,  which  means 
an  angle  of  60  to  80  degrees  at  the  observer.  Stars  should 
be  chosen  with  this  object  in  view.  The  latitude  is  usually 
determined  from  a  map,  in  the  absence  of  which  an  observation 
for  latitude  may  be  made. 

In  making  the  horizontal  angle  measurement  all  errors  in 
the  use  of  the  instrument  enter  into  the  result  at  their  full 
value.  The  instrument  should  be  manipulated  so  as  to 
eliminate  the  errors  of  adjustment  as  far  as  possible,  taking 
readings  on  both  star  and  mark  with  the  telescope  both  direct 
and  inverted.    As  the  crosshairs  may  easily  be  set  on  a  star 
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with  as  much  or  more  precision  than  the  verniers  may  be 
read,  for  consistency  there  should  be  as  many  pointings  at 
the  mark  as  at  the  star.  Two  pointings  at  the  star  will  give 
fair  results  as  indicated  by  the  computations  on  Plate  I.  Four 
would  give  better  results,  while  for  the  maximum  precision 
with  a  transit  two  sets  of  four  pointings  each  made  in  eight 
to  ten  minutes  of  time  will  probably  be  best  suited  to  most 
observers.  As  mentioned  before,  the  weak  link  in  this  obser- 
vation is  the  vertical  angle,  for  the  usual  size  and  construction 
of  the  vertical  circle  does  not  allow  as  precise  reading  as  the 
horizontal  circle.  In  view  of  this  special  care  must  be  taken 
in  leveling  the  instrument  and  checking  any  index  error  of 
the  vertical  circle.  The  observed  vertical  angle  must  be  cor- 
rected for  refraction,  always  subtractive,  and  erratic  for  sights 
within  ten  degrees  of  the  horizon.  On  the  other  hand  sights 
at  too  great  a  vertical  angle  introduces  other  instrumental 
errors.  The  best  angle  is  about  30  degrees.  Other  correc- 
tions of  the  vertical  angle,  due  to  aberration,  parallax,  etc., 
are  too  small  to  be  considered  in  this  class  of  work. 

(d)  The  time  of  observation  need  be  known  only  approxi- 
mately, within  a  few  days,  which  is  a  distinct  advantage. 
In  fact  a  very  small  and  compact  table  may  be  prepared  from 
an  ephemeris,  giving  the  declination  of  some  forty  of  the 
brightest  stars  for  the  entire  year. 

(e)  An  ephemeris,  or  the  table  just  mentioned,  a  table  of 
logarithms,  and  a  table  of  refractions  are  required  for  the 
computations,  which  are  much  less  difficult  than  is  generally 
supposed. 

This  method  is  fairly  simple  and  may  be  used  in  any  part 

of  the  world  at  any  time  the  stars  are  visable.    The  brightest 

and  most  easily  found  stars  may  be  used,  and  without  any 

delay  or  waiting,  and  a  fair  observation  may  be  made  in  four 

minutes.    Two  observations,  one  on  an  east  and  the  other  on  a 

west  star  should  give  closely  agreeing  results  and  the  average 

of  the  two  will  have  errors  of  latitude,  altitude,  and  refraction 

largely  eliminated.     Exact   time  is  not  needed.     In   partly 

cloudy  weather  even  one  pointing  will  give  direction  within 

probably  two  minutes.     An  observer  can  make  a  complete 

observation  in  ten  minutes  and  the  computations  may  easily 

be  made  in  less  than  thirty,  and  the  results  may  be  expected 

to  be  in  error  less  than  thirty  seconds;  surely  within  a  minute. 
♦  ♦♦♦♦♦♦ 

(To  be  continued) 
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Projection 

The  earth's  surface  is  spherical  and  in  order  that  it  may  be 
represented  on  a  map,  it  is  necessary  to  show  it  on  a  plane 
surface.  This  necessarily  means  that  no  portion  of  the  earth's 
surface  can  be  shown  in  absolute  accuracy  on  a  map.  There 
are  various  methods  of  approximating  the  surface  of  the  earth 
on  the  plane,  one  of  the  most  common  of  which  is  known  as 
the  Polyconic  Projection. 

A  projection  is  simply  a  system  of  lines  on  a  map  repre- 
senting imaginary  lines  on  the  earth's  surface.  The  almost 
universal  plan  is  to  adopt  a  system  of  spherical  coordinates 
based  upon  the  plane  through  the  poles  and  the  observatory 
at  Greenwich,  England  and  the  plane  cutting  the  earth's  axis 
at  right  angles  midway  between  the  poles.  The  first  plane 
is  called  the  initial  meridian  to  which  longitude  or  angulsir 
distances  east  and  west  are  referred.  The  second  plane  is 
called  the  equator  to  which  angular  distances  north  and  south 
or  latitude  are  referred. 

It  is  possible  to  locate  by  astronomic  methods  the  longitude 
and  latitude  of  any  point  on  the  earth's  surface.  The  problem 
is  how  to  show  the  location  of  some  such  point  on  a  map  with 
relation  to  the  initial  meridian  and  the  equator. 

There  are  various  ways  of  showing  meridians  and 
parallels  of  latitude  on  a  piece  of  paper,  with  relation  to  which 
various  points  on  the  earth's  surface  can  be  plotted,  after  their 
latitude  and  longitude  have  been  determined.     As  mentioned 

(2W) 
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above,  one  of  the  most  generally  used  projections  is  what  is 
called  the  Polyconic  Projection.  This  is  the  one  in  which 
every  parallel  of  latitude  appears  on  the  map  as  the  developed 
circumference  of  the  base  of  a  right  cone  tangent  to  the  sphere 
or  spheroid  on  that  parallel.  The  central  meridian  of  this 
projection  for  any  map  will  appear  as  a  straight  line,  while 
all  other  meridians  will  appear  sHghtly  concave  toward  it. 
The  parallels  for  this  projection  on  any  map  will  appear  as 
arcs  of  circles  of  different  radii  with  the  centers  of  the  arcs  of 
circles  on  the  central  meridian  produced  beyond  the  limits  of 
the  map  except  in  the  case  of  the  region  at  the  north  pole  or 
the  south  pole.  The  equator  alone  of  all  the  parallels  will  be 
represented  on  the  map  by  a  straight  line  and  all  of  the  other 
parallels  will  be  convex  toward  it.  The  intersection  of  the 
various  meridians  and  parallels  for  the  polyconic  projection 
will  differ  very  little  from  right  angles  when  the  map  covers 
a  limited  area  in  the  east  and  west  direction.  The  distance 
along  the  central  meridian  will  be  true  to  the  scale  of  the  map. 
This  will  also  be  the  case  of  the  distance  along  each  of  the  arcs 
of  the  parallel  but  diagonal  distances  and  north  and  south 
distances  will  be  slightly  in  error,  the  error  increasing  with  the 
distance  from  the  central  meridian. 

It  is  readily  seen  when  a  section  of  the  earth's  surface, 
which  is  spherical,  is  flattened  out  to  the  plane  of  the  map, 
that  there  must  be  some  distortion  in  the  distances  as  given 
by  the  map.  If  the  central  meridian  is  held  true  to  scale,  as 
is  the  case  in  the  polyconic  projection,  and  also  the  parallels 
are  true  to  scale,  then  there  must  be  some  distortion  as  the 
edges  of  the  map  are  approached.  This  will  result  in  a  sort 
of  stretching  or  elongating  of  the  area  in  a  north  and  south 
direction. 

For  small  areas  the  error  in  a  polyconic  projection  is  infini- 
tesimal and  can  be  ignored  for  even  the  very  highest  grade  of 
map,  but  when  the  area  approaches  the  dimensions  of  a  num- 
ber of  square  degrees,  then  the  distortion  at  the  east  and  west 
edges  of  the  map  may  be  material  in  size.  In  an  area  as  large 
as  the  United  States,  the  errors  in  a  north  and  south  direction 
along  the  Atlantic  Coast  and  also  along  the  Pacific  Coast  are  as 
great  as  6  per  cent.  This,  of  course,  would  make  the  polyconic 
projection  a  very  poor  one  for  an  area  of  such  a  large  extent. 

With  an  area  not  greater  than  10**  of  longitude  in  width, 
the  error  of  a  polyconic  projection  will  be  negligible  so  far  as 
the  scale  of  the  map  is  concerned.     For  instance,  at  a  distance 


GRID   SYSTEM   FOR   PROGRESSIVE   MAPS    IN   U.    S.  301 

of  5°  east  or  west  from  the  central  meridian  any  distance  in  a 
north  and  south  direction,  as  scaled  from  the  chart,  will  differ 
from  the  true  distance  on  the  earth's  surface  by  only  .22  of 
1  per  cent.  When  it  is  realized  that  the  hygrometric  condi- 
tion will  expand  or  contract  a  map  by  as  much  as  one  per 
cent  it  is  seen  that  the  error  of  the  poly  conic  projection  is 
negligible. 

Progressive  Special  Military  Map 
The  poly  conic  projection  shows  the  meridians  and  paral- 
lels as  curved  lines,  except  for  a  central  meridian.  With 
relation  to  these  curved  lines,  points  can  be  plotted  whose 
geographic  positions  in  latitude  and  longitude  are  known, 
but  it  is  a  difficult  matter,  requiring  considerable  time,  to 
compute  the  distance  and  direction  between  two  such  points 
shown  on  a  polyconic  projection  map.  It,  therefore,  is  not 
desirable  to  have  such  a  projection  on  a  map  that  is  to  be 
used  for  military  purposes  where  distances  and  direction 
between  objects  must  be  computed  in  a  very  short  time. 
Such  a  case  is  in  the  use  of  artillery.  The  Orientation  Officer 
of  a  battery  may  wish  to  know  quickly  the  distance  and 
bearing  from  his  gun  to  some  point  occupied  by  the  enemy  in 
order  that  the  enemy  may  be  fired  upon.  The  only  quick 
method  of  obtaining  this  distance  is  by  a  system  of  rectangular 
coordinates.  The  distance  between  the  two  objects  whose 
coordinates  are  known  would  be  the  square  root  of  the  sum 
of  the  squares  of  the  difference  of  the  X  coordinates  and  of 
the  Y  coordinates  of  the  two  objects.  These  differences  make 
it  possible  to  compute  quickly  the  angle  between  one  of  the 
grid  lines  and  the  line  joining  the  objects. 

A  system  of  rectangular  coordinates  could  be  used  to  cover 
any  local  area  without  regard  to  any  other  locality,  but  this 
makes  an  awkward  situation  when  the  maps  of  any  two  areas 
adjoin.  The  boundary  between  the  two  areas  would  be  on 
different  systems  and  much  confusion  would  result.  In  order 
to  obviate  this,  there  has  been  adopted  a  plan  by  which  a 
single  system  of  grid  coordinates  covers  all  of  the  Atlantic 
Coast  from  some  point  on  the  coast  of  North  Carolina  to  the 
northeastern  part  of  the  coast  of  Maine. 

Grid  Tables 
In  order  that  such  a  system  of  coordinates  may  be  properly 
coordinated  with  positions  as  given  in  longitude  and  latitude, 
it  is  found  to  be  necessary  to  have  a  polyconic  projection 
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covering  a  zone  9°  wide  in  longitude  and  of  indefinite  extent 
in  latitude.  The  central  meridian  of  this  projection  is  coin- 
cident with  the  73rd  meridian.  A  rectangular  or  grid  system 
of  coordinates  with  squares  1000  yards  on  a  side  is  then  pro- 
jected over  the  whole  area  covered  by  the  polyctnic  projection. 


The  intersection  of  the  73rd  meridian  of  longitude  and  parallel 
40°  30'  is  the  initial  point  of  the  grid  system  for  this  zone.  All 
computations  were  made  from  that  point,  and  a  north  and 
south  line  of  the  grid  coincided  with  the  73rd  meridian  and  an 
east  and  west  line  of  the  grid  was  tangent  to  the  parallel  of 
latitude  of  10°  30'  at  its  intersection  with  the  73rd  meridian. 

Origin  of  Grid  Coordinates 
The  computation  consisted  of  determining  the  grid  co- 
ordinates of  all  intersections  of  minutes  of  longitude  with 
minutes  of  latitude  within  the  area  covered  by  the  polyconic 
projection  referred  to  above.  After  the  computations  were 
made  a  constant  was  applied  to  each  of  the  X  coordinates 
and  another  constant  to  each  of  the  Y  coordinates  in  order 
to  make  all  of  the  coordinates  positive  within  the  area  of  the 
map.  The  point  selected  as  the  origin  is  1,000,000  yards 
west  and  2,000,000  yards'south  of  the  intersection  at  the  73rd 
meridian  of  longitude  and  parallel  40°  30'  of  latitude. 
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Extension  of  the  System 
It  is  impossible  to  have  a  progressive  map  over  a  large 
area  extending  both  east  and  west,  north  and  south,  without 
serious  distortions  in  the  projection.  It  is  explained  above 
that  it  is  found  advisable  to  restrict  the  zone  within  which 
the  grid  system  couid  be  used  to  "9  of  longitude  but  an  indefi- 
nite extent  in  latitude.  The  tables  used  for  the  special  military 
maps  above  referred  to  were  computed  for  the  zone  extending 

S!  ^ 
^           't  i 
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SPECIAL     MILITARY     MAP' 

One  hundred  thousand  Yard  Grid   Linea 

ZONE    -C" 

4°  30'  of  longitude  in  both  the  East  and  the  West  directions 
from  the  73°  of  longitude,  and  from  latitude  28°  to  latitude 
49°  10'.  Over  the  whole  zone  the  grid  projection  is  placed 
with  the  grid  lines  straight.  Extensions  of  the  table  are  made 
to  cover  the  area  in  Maine  to  the  eastward  of  meridian  68" 


304 


JOURNAL  U.  S.  ARTILLERY 


30',  in  this  zone,  and  to  provide  for  other  zones,  the  small  area 
above  the  49''  of  latitude  at  the  Lake  of  the  Woods  near  longi- 
tude 95"^,  and  for  Florida  and  Texas  below  latitude  28°. 

The  same  tables  can  be  used  for  any  other  zone  having 
the  same  latitudes  by  simply  changing  the  degrees  of  longitude 
When  this  is  done  it  is  possible  to  have  the  whole  area  of  the 
United  States  covered.  For  instance  the  meridians  in  the 
tables  which  are  now  68°  30'  to  77°  30'  can  be  changed  to  77° 
30'  to  86°  30'  when  they  can  be  used  for  placing  the  grid  pro- 
jection over  the  zone  falling  between  those  meridians. 
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(Illustrative  Table) 

It  is  not  practicable,  however,  to  change  the  tables  exactly 
9°  for  if  this  is  done  the  maps  at  the  junction  of  the  two  zones 
would  not  have  continuous  grid  lines,  that  is  a  map  at  the 
edges  of  one  zone  could  not  be  exactly  connected  with  a  map 
having  the  same  latitudes  at  the  edges  of  the  other  zone  and 
have  the  grid  system  continuous  from  one  to  the  other.  The 
grid  lines  of  the  two  maps  would  make  decided  angles  with 
each  other. 

In  order  to  avoid  this  condition  it  is  necessary  to  have  an 
overlap  of  the  two  zones.  This  can  be  done  by  changing  all 
of  the  longitudes  of  the  tables  as  given  for  the  most  eastern 
zone  by  8°.  This  would  provide  an  overlap  of  1°  of  longitude 
and  the  topography  within  this  overlapping  area  could  be 
shown  on  two  sets  of  maps  one  on  each  grid  system,  thus 
making  it  possible  to  have  progressive  maps  for  each  of  the 
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zones,  or  the  two  grid  systems  can  be  placed  in  different  colors 
on  the  same  map. 

By  changing  the  longitudes  of  the  tables  by  le""  a  third 
zone  can  be  obtained  and  so  on  across  the  country  in  multiples 
of  8**  of  longitude. 

The  following  table  shows  the  designation  of  the  several 
zones  across  the  United  States  with  their  central  meridians 
and  the  meridians  which  limit  the  zones. 
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Fire  Control  Zones 

Designation  Central  Meridian      Limiting  Meridians 

A                       .  73  68^  30'  -  .  77^  30' 

B               81  76^30'-    85°  30' 

C           89  84^30'-    93^30' 

D   .           97  92°  30' -  101°  30' 

E       105  100°  30' -  109°  30' 

F                     ..  113  108°  30'- 117°  30' 

G 121  116°  30' -125°  30' 

The  only  exception  so  far  as  limiting  meridians  are  con- 
cerned, is  the  strip  over  Maine  to  the  eastward  of  longitude 
68°  30',  which  is  included  in  the  grid  tables  for  Zone  A,  though 
it  is  more  than  4°  30'  to  the  eastward  of  the  central  meridian  of 
the  zone. 

The  zones  are  shown  graphically  in  illustration  No.  1. 
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The  one  hundred  thousand  grid  lines  are  shown  for  Zone  C 
in  illustration  No.  2. 

Designation  of  Special  Military  Maps 

It  is  necessary  that  each  special  military  map  be  given  the 
letter  of  the  zone  within  which  it  falls.  Immediately  following 
the  letter  should  be  given  the  coordinates  of  the  southwest 
corner  of  the  map.  As  the  maps  are  all  of  the  same  size» 
which  is  10,000  yards  East  and  West  and  6,000  yards  North 
and  South  it  will  not  be  necessary  to  give  the  entire  X  and  Y 
coordinates  of  the  comer  of  the  map.  They  can  be  abbreviated 
by  omitting  the  last  three  figures  of  the  X  and  Y  coordinates. 
For  instance  if  in  the  first  zone  the  X  coordinates  of  the  south- 
west corner  of  a  fire  control  map  is  1,160,000  and  the  Y  coordi- 
nate is  2,292,000  the  designation  of  the  map  will  be  A  1160.2292. 
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In  addition  to  the  designation  by  letters  and  numbers 
each  fire  control  map  must  be  given  a  name.  This  name 
should  be  that  of  some  conspicuous  topographic  feature 
within  the  area  covered  by  the  map,  such  as  a  village,  stream, 
hill,  cross  road,  or  some  other  object  which  is  locally  well 
known.  If  within  the  map  there  is  no  such  feature  which  has 
a  name  it  will  be  necessary  to  select  a  name  arbitrarily.  There 
must  be  no  duplication  of  names  of  maps  within  a  state. 
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The  designation  of  the  map  with  its  name  should  be  placed 
in  the  upper  right  hand  corner  as  shown  in  illustration  No.  5. 
The  grid  lines  should  be  numbered  as  shown  there.  They 
will  be  placed  on  all  edges  of  the  map»  while  the  geographical 
projection  lines  will  be  numbered  at  the  top  and  on  the  right. 

System  of  Laying  Out  Special  Military  Maps 

With  a  grid  system  covering  the  greater  portion  of  the 
Atlantic  Coast  a  series  of  special  military  maps  can  be  laid 
out  in  such  a  way  that  mapping  can  be  started  at  a  number  of 
places  with  the  assurance  that  when  any  two  surveys  are 
joined  there  will  not  be  any  overlaps,  gaps,  or  offsets  in  the 
various  maps.  In  order  that  this  might  be  accomplished,  it 
is  necessary  to  adopt  some  simple  system  of  laying  out  the 
special  military  maps.  The  one  adopted  is  to  have  the  X 
coordinates  of  East  and  West  limiting  grid  lines  on  such  a 
map  multiples  of  10,000  yards,  and  the  Y  coordinates  of  the 
North  and  South  limiting  grid  lines  of  the  special  military  maps 
multiples  of  6000  yards.  The  coordinates  to  be  considered 
in  determining  these  multiples  are  those  beginning  at  the  origin 
of  coordinates  and  not  the  coordinates  of  the  intersection  of 
the  73rd  meridian  and  parallel  40°  30'. 

It  will  be  necessary  to  have  the  grid  system  superimposed 
upon  one  or  more  small  scale  maps  covering  the  area  to  be 
surveyed  and  mapped  in  order  that  the  relation  of  the  topog- 
raphy shown  on  the  small  scale  maps,  to  the  special  military 
maps  may  be  known.  For  instance,  if  it  were  necessary  to 
make  special  military  maps  covering  Hampton  Roads,  it 
would  be  desirable  to  have  those  maps  shown  on  some  small 
scale  chart  of  the  U.  S.  Coast  and  Geodetic  Survey  of  the  lower 
Chesapeake  Bay  or  a  small  scale  map  of  the  U.  S.  Geological 
Survey  covering  the  region  in  question.  With  the  special 
military  maps  laid  out  on  the  small  scale  map,  the  field  work 
can  then  be  done  for  any  particular  area  desired.  It  is  not 
necessary  that  the  plotting  of  the  special  military  maps  on 
the  other  maps  should  be  done  with  extreme  accuracy.  It 
is  simply  a  guide  for  the  field  operations. 

Use  of  Tables 

As  has  been  stated  above,  nearly  the  whole  East  coast  of 
the  United  States  will  be  covered  by  tables  which  give  the 
relation  between  spherical  coordinates  and  grid  coordinates. 
The  grid  coordinates  are  expressed  in  yards.    The  table  shows 
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the  grid  coordinates  in  yards  of  the  intersection  of  each  minute 
of  longitude  with  each  minute  of  latitude  within  the  whole 
area  covered  by  the  grid  system. 

The  Special  military  maps  which  are  to  be  based  on  the 
grid  system  are  to  be  10,000  yards  long  in  an  east  and  west 
direction  and  6000  yards  deep  in  a  north  and  south  direction. 

The  grid  system  is  placed  on  the  field  sheets  and  fmal  maps 
as  even  thousand  yard  lines. 

The  Kilometric  Grid 

The  grid  tables  computed  in  yards  can  be  used  to  place  a 
kilometric  grid  on  a  map.  This  can  be  done  by  converting 
to  meters  the  yard  coordinates  of  one  of  the  thousand  yard 
intersections  on  the  map.  With  these  meter  coordinates 
points  can  be  plotted  which  will  have  values  to  even  kilometers. 
Through  these  points  kilometer  grid  lines  will  be  drawn  parallel 
to  the  regular  yard  grid  lines.  For  instance,  if  the  X  and  Y 
coordinates  converted  to  meters  had  values  at  the  southwest 
corner  of  the  map  of  953,624,  and  1,242,719  respectively  then 
the  first  north  and  south  kilometer  grid  line  would  be  376 
meters  east  of  the  corner  and  the  first  east  and  west  kilometer 
grid  line  would  be  281  meters  north  of  the  corner.  After 
these  two  points  of  the  kilometric  system  have  been  found 
north  and  south  and  east  and  west  lines  can  be  drawn  through 
them  parallel  to  the  thousand  yard  grid  lines.  After  two 
kilometric  grid  lines  have  been  placed  upon  the  map  the  whole 
map  can  easily  be  covered  by  the  kilometric  grid  system. 
This  is  done  by  simply  plotting  along  the  east  and  west  line 
distance  of  1,  2,  3,  etc.,  kilometers  from  the  north  and  south 
kilometer  grid  line.  Similarly  the  east  and  west  kilometer 
grid  line  can  be  laid  ofT  on  the  north  and  south  line. 

If  the  map  has  been  at  all  distorted  since  the  yard  grid 
was  placed  upon  it,  it  would  be  well  to  convert  the  coordinates 
of  several  of  the  one  thousand  yard  grid  intersections  into 
meters  and  the  intermediate  grid  lines  of  kilometric  system 
can  then  be  interpolated.  In  this  way  the  effect  of  any  dis- 
tortion of  the  map  is  minimized. 

Method  of  Placing  the  Spherical  Projection 
ON  Special  Military  Maps 

Let  it  be  supposed  that  a  series  of  special  military  maps 
have  been  laid  out  on  a  small  scale  map  covering  the  area  to 
be  surveyed  and  that  it  is  desired  to  place  the  spherical  coordi- 
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nates  on  a  special  military  map  on  which  the  thousand  yard 
grid  lines  have  been  drawn. 

From  the  small  scale  map  some  intersection  of  a  minute  of ' 
latitude  and  a  minute  of  longitude  is  selected  which  falls  within 
the  special  military  map  in  question. 

The  tables  are  entered  for  that  particular  longitude  and 
latitude  and  the  X  and  Y  coordinates  arc  found.  The  dif- 
ference between  the  X  coordinates  of  the  intersection  and  the 
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thousand  yard  north  and  south  grid  line  just  to  the  westward 
of  the  intersection  is  laid  off  to  the  eastward  of  that  thousand 
yard  grid  line.  Likewise  the  difference  between  the  Y  coordi- 
nate for  the  intersection  of  the  minute  of  latitude  and  longi- 
tude and  of  the  Y  coordinate  of  the  even  thousand  yard  east 
and  west  grid  line  just  to  the  south  of  it  will  be  the  distance  to 
be  plotted  to  the  north  of  that  grid  line.  These  two  differences 
in  the  X  and  Y  coordinates  will  locate  accurately,  on  the  grid 
system  of  the  special  military  map  the  particular  intersection 
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of  the  minute  in  longitude  and  latitude.  In  a  similar  manner 
all  the  other  intersections  of  minutes  of  latitude  and  longitude 
coming  within  the  area  of  any  special  military  map  can  be 
plotted. 

In  illustration  No.  7,  let  it  be  supposed  that  the  grid  system 
is  already  on  the  map  as  shown  and  that  it  is  desired  to  put 
spherical  coordinates  on  the  same  sheet  in  the  proper  relation 
to  the  grid.  An  inspection  of  the  tables  shows  that  the  inter- 
section of  42°  55'  of  latitude  with  70''  of  longitude  falls  in  the 
lower  right  hand  corner  of  the  sheet.  The  coordinates  of 
this  intersection  are  x  =  1,267,834  yards  and  Y  =2,298,311 
yards.  The  position  of  this  intersection  can  be  obtained  by 
plotting  834  yards  east  of  the  grid  line  1,267,000  and  311  yards 
north  of  the  grid  line  2,298,000. 

After  the  one  intersection  of  a  minute  of  latitude  and  a 
minute  of  longitude  has  been  plotted  on  the  sheet,  it  is  a  simple 
matter  to  continue  the  plotting  of  all  other  minute  intersections 
within  the  area  covered  by  the  sheet. 

TABU  or  Qownofiog  TO  H  unia  to  t  mna  orm  n  zme  po  TaooBijD  tun 
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(Illustrative  Table) 

Method  of  Placing  Grid  System  on  a  Map 
Having  Spherical  Projection 

If  it  is  desired  to  put  the  grid  system  on  a  map  which 
already  has  the  poly  conic  system  of  projection,  the  operation 
will  be  as  follows:  Take  some  one  intersection  of  a  meridian 
and  parallel  in  one  comer  of  the  map  and  enter  the  grid  tables 
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with  these  values  and  obtain  the  X  coordinate  for  that  inter- 
section. Next  take  an  intersection  of  the  same  meridian 
with  a  much  higher  or  lower  latitude.  For  instance,  if  the 
first  intersection  was  in  the  southeast  corner  of  the  map,  then 
take  an  intersection  in  the  northeast  corner,  if  the  map  is 
square  with  the  meridians  and  parallels.  Obtain  from  the 
the  table  the  X  coordinate  for  this  northeast  intersection. 
Next  take  the  difference  between  the  X  coordinates  of  these 
two  intersections  and  with  this  as  a  radius  describe  an  arc 
of  a  circle  around  one  of  the  intersections  (say  the  N.E.  one). 
This  should  be  to  the  westward  of  the  point,  if  the  longitude 
is  greater  than  73**  and  to  the  eastward  if  less  than  73**.  After 
this  arc  has  been  drawn,  place  a  straight-edge  on  the  other 
intersection  of  the  meridian  and  parallel  and  tangent  to  the 
arc  and  draw  a  line  across  the  map.  This  line  will  be  parallel 
to  the  grid  system  and  upon  it  can  be  constructed  the  grid 
system  of  the  map. 

Let  it  be  supposed  that  in  illustration  No.  7  the  spherical 
coordinates  have  been  plotted  and  that  it  is  later  desired  to 
super  impose  the  grid  coordinate.  In  this  case  the  table  should 
be  entered  and  the  X  and  Y  coordinates  obtained  for  the  inter- 
sections of  42"^  55'  of  latitude  with  70**  00'  of  longitude  and  for 
AT  57'  of  latitude  with  70**  00'  of  longitude.  The  tables  show 
a  difference  in  the  X  coordinates  for  these  two  intersections 
of  144  yards.  With  this  distance  as  a  radius,  an  arc  of  a 
circle  is  described  to  the  eastward  of  the  more  northern  one 
of  the  two  intersections.  (This  arc  could  have  been  described 
to  the  westward  of  the  southern  one  of  the  two  intersections). 
Next  draw  a  line  through  the  lower  minute  intersection  tan- 
gent to  the  arc  of  the  circle  which  was  drawn  to  the  eastward 
of  the  upper  minute  intersection.  This  line  is  parallel  to  a 
north  and  south  line  of  the  grid  and  may  be  considered  a 
construction  line.  The  next  operation  is  to  lay  off  a  distance 
of  834  yards  to  the  westward  and  at  right  angles  to  the  con- 
struction line  at  the  lower  part  of  the  sheet  and  the  same 
distance  to  the  westward  of  the  construction  line  at  the  upper 
part  of  the  sheet.  A  line  joining  the  two  points  thus  laid 
off  will  be  a  north  and  south  10(X)  yard  line  of  the  grid  system 
whose  X  coordinate  is  1,267,0(X)  yards. 

The  next  operation  would  be  to  lay  off  the  distance  of  311 
yards  along  the  construction  line  to  the  southward  of  the 
intersection  of  42^  55'  latitude  with  70**  00'  of  longitude.  The 
point  thus  plotted  will  be  an  even  1000  yard  grid  line  running 
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east  and  west.  This  point  can  be  transferred  to  the  north 
and  south  grid  line  previously  constructed  by  drawing  a  line 
through  it  at  right  angles  to  the  construction  line  or  to  the 
north  and  south  grid  line. 

If  the  map  is  true  to  scale  and  not  distorted,  the  grid  system 
can  now  be  extended  over  the  whole  sheet,  but  it  is  probable 
that  the  scale  of  the  map  will  be  somewhat  changed  from 
weather  conditions  and  there  may  be  some  distortion  in  the 
sheet.  This  being  the  case,  it  will  be  well  to  lay  off  a  point  on 
the  grid  system  near  each  of  the  four  corners  of  the  map 
and  the  intermediate  1000  yard  grid  lines  running  both  north 
and  south  and  east  and  west  can  be  interpolated  and  thus 
the  effect  of  any  error  in  the  scale  in  the  map  and  distortion 
may  be  minimized  or  eliminated. 

Plane  Table  Sheets 

The  plane  table  will  be  used  for  the  location  of  the  topo- 
graphic features  of  the  earth's  surface.  On  the  plane  table  is 
placed  a  sheet  of  paper  on  which  the  control  points  have  been 
plotted.  In  order  that  these  control  points  may  be  shown  in 
the  proper  relation  to  each  other,  it  is  necessary  to  have  some 
lines  on  the  sheet  which  will  represent  some  system  of  pro- 
jection. In  all  of  the  special  military  surveys  the  polyconic 
projection  will  be  used  on  the  plane  table  sheets  and  each 
sheet  will  have  a  separate  projection  laid  out  upon  it.  There 
will  be  no  relation  between  the  projection  shown  on  the  single 
plane  table  sheet  and  the  general  polyconic  projection  for  the 
whole  area  of  a  zone. 

When  a  plane  table  sheet  has  a  local  polyconic  projection 
placed  upon  it  and  also  has  the  general  grid  system  of  coordi- 
nates on  it,  theoretically  the  grid  lines  will  not  be  straight. 
The  deviation  of  the  grid  lines  from  a  straight  line,  under  this 
condition,  will  be  so  slight  at  any  place  within  the  whole  zone 
covered  by  the  grid  system  that  no  error  will  result.  In  fact, 
the  deviation  of  the  grid  line  from  a  straight  line  will  always 
be  within  the  amount  of  distortion  of  the  paper  due  to  weather 
conditions. 

The  method  of  laying  out  the  polyconic  projection  is 
described  in  detail  and  the  necessary  tables  are  given  in  Special 
Publication  No.  5  of  the  U.S.  Coast  and  Geodetic  Survey. 
Briefly,  the  process  of  making  a  polyconic  projection  on  a 
plane  table  sheet  is  to  lay  out  the  central  meridian  as  a  straight 
line  and  then  enter  the  tables  in  Special  Publication  No.  5 
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and  plot  the  intersections  of  minutes  of  latitude  with  minutes 
of  longitude  by  means  of  the  X  and  Y  coordinates  given 
therein. 

Control  Points  on  Plane  Table  Sheets 

When  the  plane  table  sheet  has  been  prepared  by  having 
the  projection  placed  upon  it»  the  next  operation  will  be  to 
have  the  control  points  of  the  triangulation  and  tape  traverse 
plotted  upon  the  sheet  in  their  true  geographic  positions. 
These  points  will  be  used  for  the  control  of  the  topographic 
work  in  the  field. 

Determination  of  Distance  between  Points 
FROM  their  Grid  Coordinates 

The  distance  between  two  points  whose  grid  coordinates 
are  given  is  equal  to  the  square  root  of  the  sum  of  the  squares 
of  the  difference  in  the  X  coordinates  and  of  the  Y  coordinates. 
This  distance  will  be  true  over  the  whole  map  for  lines  running 
east  and  west.  It  will  be  within  one  part  in  one  thousand 
for  lines  running  in  any  direction  if  within  3®  of  the  central 
meridian.  Beyond  that  limit  the  error  in  a  north  and  south 
line  will  increase  until  it  is  about  one  and  one-half  parts  in 
one  thousand  at  a  distance  of  4^  30'  from  the  central  meridian. 

If  an  accurate  distance  is  desired  it  may  be  obtained  from 
the  differences  in  the  X  and  Y  coordinates  if  to  the  Y  differ- 
ence is  applied  the  scale  correction. 

These  corrections  are  shown  in  the  accompanying  table. 

The  uncorrected  grid  distance  is  always  greater  than  the 
true  or  ground  distance. 

Transformation  of  Geographic  Azimuths  to 

Grid  Azimuths 

Owing  to  the  converging  of  meridians,  any  line  on  the  earth's 
surface  wUl  make  a  different  angle  with  the  grid  meridian 
from  the  angle  it  makes  with  the  geographic  meridian. 

In  order  to  determine  easily  the  difference  between  the 
two  azimuths,  tables  have  been  prepared  from  which  the 
correction  may  be  computed,  (Figures  8  and  9). 

The  following  is  an  example  of  the  computation  of  the 
difference  between  the  geographic  and  grid  azimuths. 

Let  it  be  desired  to  determine  the  difference  between  the 
geographic  and  grid  azimuth  at  a  point  whose  latitude  is  42^ 
50'  and  longitude  7(f  18'.  In  the  azimuth  tables  it  is  found 
that  the  azimuth  correction  for  42^  latitude  and  70''  longitude 
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is  2°  00'  24.8"  and  the  correction  for  the  same  latitude  and 
longitude  71°  is  V  20'  17.2".  The  difference  between  these 
two  corrections  is  40'  07.6".  The  point  for  which  the  cor- 
rection is  desired  is  in  longitude  70**  18',  which  may  be  ex- 
pressed as  70.30°.  The  difference  mentioned  above  multi- 
plied by  .30  is  12'  02.3".  This  subtracted  from  2°  00'  24.8", 
which  is  the  correction  for  latitude  42°  and  longitude  70**, 
gives  1°  48'  22.5".  It  is  similarly  found  that  the  correction 
for  latitude  43°  and  longitude  70°  18'  is  1°  50'  27.6". 

The  difference  between  these  two  corrections  for  longitude 
70°  18'  is  2'  05.1".  Latitude  42°  50'  may  be  expressed  decimally 
as  42.83°.  The  difference  between  the  two  corrections  multi- 
plied by  .83  is  1'  43.8".  If  this  is  added  to  1°48'  22.5" thecor- 
rection  at  70°  18'  of  longitude  and  42°  of  latitude,  the  result 
will  be  1°  50'  06.3",  which  is  the  difference  between  the  grid 
and  the  geographic  azimuths  at  a  point  whose  latitude  is 
42°  50'  and  longitude  70°  18'. 

To  the  west  of  the  central  meridian  of  the  polyconic  pro- 
jection on  which  is  superimposed  the  grid  system  the  grid 
azimuths  counted  clockwise  will  be  larger  than  the  geographic 
or  spherical  azimuths,  therefore,  when  azimuths  are  reckoned 
clockwise  the  difference  between  the  two  kinds  of  azimuths  as 
computed  from  the  table  must  be  added  to  the  geographic 
azimuth  to  obtain  the  grid  azimuth  and  to  the  eastward  of 
the  73°  of  longitude  the  difference  between  the  geographic 
and  grid  azimuths  as  computed  from  the  tables,  must  be 
subtracted  from  the  geographic  azimuth  in  order  to  obtain 
the  grid  azimuth. 

The  tables  for  the  special  military  maps  apply  to  the  whole 
country,  therefore  the  azimuth  tables  can  be  used  to  obtain 
the  difference  between  a  geographic  and  grid  azimuth  at  any 
place  in  the  United  States. 

The  azimuth  tables  are  extended  to  cover  that  portion  of 
Maine  to  the  eastward  of  the  68°  30'  of  longitude. 

Care  must  be  taken  to  avoid  applying  the  azimuth  cor- 
rection computed  for  one  zone  to  an  azimuth  located  in  an 
adjoining  zone. 

Transformation  of  Grid  Azimuths  to 
Spherical  Azimuths 

The  azimuth  correction  tables  are  used  in  computing  the 
difference  between  a  grid  azimuth  and  a  geographic  azimuth. 
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*The  second  term  is  small,  being  at  6'  from  central  m«.*-idian  and  lat 
45  but  1 4".     It  may  therefore  be  neglected  in  firing. 
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The  spherical  coordinates  of  the  grid  station  may  be  scaled 
from  the  map  or  may  be  computed.  Where  the  spherical 
coordinates  are  known  the  tables  are  used  in  the  same  manner 
as  that  described  under  the  heading  "Transformation  of 
Geographic  to  Grid  Azimuths,"  but  when  the  azimuths  are 
reckoned  clockwise  the  difference  will  be  added  when  to  the 
east  of  the  central  meridian  and  subtracted  when  to  the  west- 
ward. Note  especially  the  caution  in  the  last  paragraph 
under  the  preceding  heading. 

Transformation  of  Spherical  to  Grid  Azimuths 
AND  THE  Reverse  Approximate  Method 

When  only  an  approximate  difference  between  the  grid 
and  spherical  azimuths  is  needed,  it  may  be  computed  from 
the  X  and  Y  coordinates  given  in  the  grid  tables. 

The  process  would  be  to  take  the  difference  between  the 
X  coordinate  of  the  nearest  intersection  of  one  minute  of 
longitude  and  latitude  and  the  X  coordinate  of  an  intersection 
of  a  higher  latitude  with  the  same  minute  of  longitude  and 
divide  this  difference  by  the  difference  in  the  Y  coordinates 
of  the  two  intersections.  The  quotient  would  be  the  tangent 
of  the  angle  between  a  grid  meridian  and  a  geographic  meri- 
dian. For  instance,  the  difference  in  the  Y  coordinates  of 
the  intersections  of  70**  00'  with  42^  55'  and  42^  59'  is  8100 
yards.  The  difference  in  the  X  coordinates  is  289.0  yards. 
The  X  difference  divided  by  the  Y  difference  wouldbe  .03568. 
This  is  the  natural  tangent  of  T  02'  40". 

This  angle  is  added  to  or  subtracted  from  the  spherical 
azimuth  to  obtain  the  grid  azimuth  or  is  applied  to  the  grid, 
azimuth  to  obtain  the  spherical  azimuth.  In  this  particular 
case  it  must  be  subtracted  from  the  spherical  azimuth  to  get 
the  grid  azimuth. 

The  difference  will  be  correct  within  one-half  minute  in  all 
cases. 

TRANSFORMATION  OF  SPHERICAL  TO  GRID 

COORDINATES 

Let  P  represent  latitude 
Let  L  represent  longitude 
Let  C  be  the  station 

Let  A  be  point  on  first  full  minute  to  the  west  of  C  of  same 
latitude  as  C 
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Let  B  be  point  on  first  full  minute  to  the  east  of  C  of  same 
latitude  as  C 

Let  Xi  and  Y,  be  grid  coordinates  of  minute  intersection  S.W. 
of  C 

Let  Xi  and  Y2  be  grid  coordinates  of  minute  intersection  N.W. 
ofC 

Let  Xt  and  Yt  be  grid  coordinates  of  minute  intersection  N.E. 
of  C 

Let  X4  and  Y4  be  grid  coordinates  of  minute  intersection  S.E. 
of  C 

Let  Cp  =  seconds  of  latitude  of  C  divided  by  60 

Let  Cl  =  seconds  of  longitude  of  C  divided  by  60 
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Then  we  have  the  following  equations: 
Grid  X  coordinate  of  A  =  X.  =  Xi  +  Cp(X,-Xi) 
Grid  X  cordinate  of  B  =  X^  =  X4  +  Cp(X,-X4) 
Grid  X  coordinate  of  C  =  X^  =  X^  +  CL(X.-Xb) 
Grid  Y  coordinate  of  A  -  Y.  =  Y,  +  Cp(Y,- Yi) 
Grid  Y  coordinate  of  B  -  Y^  =  Y4  +  Cp(Y,- Y4) 
Grid  Y  coordinate  of  C  -  Y^  =  Y^  +  CL(Ya-Yb) 
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Computation  of  Artillery  Grid  Coordinates  from 


Spherical  Coordinates 

No. 

Station 

Browne 

1 

P 

40°  50'  30.73" 

2 

Cp 

.512 

3 

L 

73M7' 12.57" 

4 

Cl 

.210 

5 

X, 

926205.3 

6 

x» 

926223.8 

7 

X, 

927760.8 

8 

X4 

927742.7 

9 

X2 — Xi 

18.5 

10 

X,-X4 

18.1 

11 

Cp(X2  — Xi) 

9.5 

12 

Cp(X,-X4) 

9.3 

13 

X.=X.  +  (11) 

926214 . 8 

14 

Xb=X4  +  (12) 

927752.0 

15 

Xa  — Xb 

-1537.2 

16 

X=Xb+(4)X(15) 

927429.2 

17 

Y, 

2040817.5 

18 

Y, 

2042841 . 6 

19 

Y, 

2042827.7 

20 

Y4 

2040803 . 6 

21 

Y,-Y, 

2024.1 

22 

Y,-Y4 

2024.1 

23 

Cp(Y,-Yj) 

1036.3 

24 

Cp(Y,-Y4) 

1036.3 

25 

Y.=Y,  +  (23) 

2041853.8 

26 

Yb=Y4+(24) 

2041839.9 

27 

Y.-Yb 

13.9 

28 

Y=Yb  +  (4)X(27) 

2041842.8 

AT      C*.r\r\X»T\t7kJ  ATTFQ. 

In  the  accompanying  figure  let  1-2-3-4  be  a  quadrangle  of 
minute  intersections  within  which  the  given  point,  P,  lies. 
Let  X,  Y  be  the  grid  coordinates  of  P. 
Let  Xi,  X2,  Xj,  and  X4  be  the  X  coordinates  of  the  comers 

1,2,3,  and  4  respectively. 
Let  Yi,  Y2,  Yi,  and  Y4  be  the  Y  coordinates  of  the  corners 

1,2,3,  and  4  respectively. 
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A,  B,  C,  and  D  are  points  at  which  grid  lines  through  P  inter- 
sect the  lines  of  the  minute  quadrangle. 

Let  X»,  Xb,  Xe,  Xd,  Y.,  Yb,  Ye,  and  Yj  be  the  grid  coordi- 
nates of  the  points  A,  B,  C,  and  D. 

,   Then  '^•='^*+ii3i,  (Y-YO 

Xs-X 
Yo=Y8+^  _-jr    (Y2— Ya) 

Then  the  seconds  of  latitude  of  P  above  the  minute  line  1-4 
will  be: 


Seconds  in  latitude 


-(1:^) 


Y-Yx 

Xb=Xi+     Y  _Y    (X«~Xi) 

Y  -Y4 

X<j=X4+     Y  _Y    (Xj— X4) 

Then  the  seconds  of  longitude  of  P  west  of  the  minute  line 
3  -  4  will  be: 


Seconds  in  longitude  =  60" 


/X,-X\ 
\Xd-Xb/ 


o 
CD 


c 
O 


2J16 


The  computation  can  best  be  made  on  a  form  similar  to 
the  following  sample.  The  grid  coordinates  of  the  point  P 
are  known  while  the  grid  coordinates  of  the  four  minute  inter- 
sections are  obtained  from  the  grid  tables.  Care  should  be 
taken  regarding  the  signs  of  differences  shown  in  the  form. 
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Transformation  of  Grid  to  Spherical 

Coordinates 

Project:    Raleigh  State:    North  Carolina 


Name  of  Station:  Gary        Coordinates 

are  given  in  yards. 

1 

Lat.  Min.  to  South 

35"  47' 

2 

Long.  Min.  to  East 

78"*  46' 

3 

X 

1220027 . 5 

4 

Y 

1430414.5 

5 

X, 

1219154.9 

6 

X, 

1219109.2 

7 

X, 

1220756.3 

8 

X4 

1220802.4 

9 

Y, 

1429935.3 

10 

Y, 

1431958.1 

11 

Y, 

1431995.5 

12 

Y4 

1429972.7 

13 

X4-X 

774.9 

14 

X4-X, 

1647.5 

15 

Y,-Y4 

-37.4 

16 

Y.=(i2)+y 

(15) 

1429955.1 

17 

X,-X 

728.8 

18 

Xs— Xj 

1647.1 

19 

Y*-Y, 

/  4   <%\ 

-37.4 

20 

Yc=(ii)+y 

(19) 

1431979.0 

21 

Y-Ya 

459.4 

22 

Yc-Ya 

/^^  ^  \ 

2023.9 

23 

Sec.  Lat.  =  60" 

© 

13.62" 

24  Y-Yi  479.2 

25  Y,-Y,  2022.8 

26  X,-X,  -45.7 


27  XB  =  (5)+UiM26)  1219144.1 
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28 
29 
30 

Y-Y, 
Y,-Y. 
X,-X, 

441.8 
2022.8 
-46.1 

31 

Xb-(8)+  (^)  (30) 

1220792,3 

32 
33 

Xo-X 

x„-x. 

764.8 
1648.2 

34 

Sec.  Long.  -  60"  (|) 

27.84" 

35 
36 

Lat.  -  (l)+(23) 
Long.  -  (2) +(34) 

35" 
78" 

47' 13.62" 
46' 27.84" 

Note. — ^The  numbers  inclosed  in  parenthesis  in  column  2 
represent  the  values  in  column  3  opposite  the  corresponding 
numbers  of  column  1. 
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Identification  of  Ships 

All  navies  are  at  the  present  time  devoting  considerable 
attention  to  the  development  of  instantaneous  recognition 
signals  between  ships  at  sea.  In  endeavoring  to  emphasize 
the  value  of  recognition  signals,  which  are  as  important  to 
the  Coast  Artillery  as  to  the  Naval  Service,  it  seems  worth 
while  to  cite  a  few  examples,  occurring  during  the  Great  War, 
which  indicated  the  lack  of  a  reliable  system. 

Among  the  most  important  examples  may  be  mentioned 
the  pitiful  and  useless  destruction  of  friendly  submarines  by 
Allied  ships,  not  only  by  merchant  ships,  but  by  war  vessels 
which,  in  the  emergency  conditions,  found  it  necessary  to 
protect  themselves  at  the  expense  of  their  own  countrymen. 
Then  there  is  the  case  of  the  German  cruiser  Emden  which 
boldly  entered  a  British  port  and  sank  a  Russian  cruiser,  the 
Emden,  having  been  mistaken  by  the  shore  forces  for  a  British 
ship.  Again,  there  is  the  experience  of  the  Italian  motor 
boats  in  sinking  the  Austrian  dreadnoughts  at  Pola,  where 
the  highspeed  motor  boats  entered  the  harbor  and  made  a 
successful  surprise  attack,  because  the  Austrians  were  not 
sufficiently  watchful.  Another  example  of  failure  in  recogni- 
tion is  furnished  by  the  German  raiders,  and  as  an  amusing 
incident,  may  be  mentioned  the  ruse  in  which  the  captain, 
dressed  in  feminine  clothes,  stalked  up  and  down  the  quarter- 
deck, underneath  a  hot  sun  and  a  parasol,  until  the  raider, 
unsuspected,  approached  a  merchant  ship  and  sank  it  in  a 
few  moments.  Here  it  is  evident  that  the  use  of  a  proper 
demand  signal  might  have  permitted  the  merchant  ship  to 
have  used  her  own  guns  in  time  to  have  saved  herself.  Then, 
there  is  the  experience  of  the  Turkish  destroyer  at  the  Darda- 
nelles, which  ran  the  straits  at  night,  under  the  protection 
of  the  darker  shore,  and,  attacking  the  British  squadron  at 
anchor  below  the  straits,  sank  one  of  the  ships  by  torpedo, 
and  returned  to  her  base  uninjured.  For  another  example, 
recall  the  disastrous  experience  which  occurred  in  the  North 
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Sea,  where  the  Allied  destroyers  fired  upon  each  other  because 
of  the  difficulty  which  arose  in  recognition  under  conditions 
of  low  visibility,  which  rendered  sight  recogniton  an  impos- 
sibility. As  a  last,  but  a  most  important  example,  there  is 
the  attack  of  the  British  on  Zeebrugge,  which  exemplifies  the 
imperative  necessity  of  immediate  recognition,  for  in  this  case 
each  minute's  delay  was  of  the  greatest  importance  in  its 
bearing  on  repelling  the  attacking  ships. 

The  recognition  and  identification  of  ships  is  of  great  im- 
portance to  the  Coast  Artillery.  There  is  probably  adequate 
equipment  in  each  Coast  Artillery  fort  for  giving  suitable 
instruction  to  the  commissioned  and  noncommissioned  person- 
nel in  recognizing  foreign  ships.  This  equipment  consists  of 
lantern  slides  and  projecting  machines  furnished  as  a  part  of 
the  Coast  Artillery  War  Game,  and  should  be  used  to  give 
instruction  in  ship  recognition.  In  addition  to  the  use  of 
lantern  slides,  much  can  be  accomplished  with  models.  Some 
forts  now  have  a  supply  of  these,  and  those  that  have  none 
can  readily  improvise  them.  By  the  use  of  models,  observers 
can  be  trained  to  recognize  ships  approaching  at  various 
angles.  In  sight  recognition,  much  stress  should  be  placed  on 
instruction  using  models,  for  it  is  seldom  that  a  vessel  will 
be  seen  approaching  as  shown  in  a  silhouette.  Of  course 
silhouettes  are  useful  and  should  be  provided  for  all  foreign 
ships,  as  an  adjunct  to  "Jane's  Fighting  Ships."  The  person- 
nel could  then  be  instructed  in  ship  recognition,  making  use 
of  lantern  slides,  silhouettes,  models,  and  any  other  devices, 
so  as  to  make  them  familiar  with  not  only  ships  of  our  own 
navy,  but  those  of  foreign  navies.  In  this  connection  it  must 
be  remembered  that  many  ships  are  likely  to  be  camouflaged 
so  effectively  as  to  cause  any  method  of  recognition  by  sight 
to  fail.  There  is  evidently  an  absolute  necessity  for  develop- 
ing some  system  of  shore-ship  signals  that  will  provide  for 
instantaneous  recognition  by  methods  of  visual  signals,  radio, 
sound,  including  oscillators  and  hydro-phones,  and  special 
visual  appliances. 

This  whole  problem  is  surrounded  with  perplexing  diffi- 
culties, which  have  by  no  means  been  solved,  and  until  the 
problem  is  solved,  remains  a  worthy  challenge  to  the  talents 
and  concentration  of  the  Coast  Artillery  officer. 
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The  Coast  Artillery  and  the  Colleges 

Every  Coast  Artillery  officer  should  be  sure  to  read  in  the 
5th  April  number  of  Liaison  the  article  on  the  "Proposed 
Course  of  Instruction  for  Coast  Artillery  Units  of  the  R.O. 
T.C."  Briefly,  this  course  is  based  on  the  principle  of  utiliz- 
ing the  academic  courses  given  at  any  college,  either  as  they 
stand,  or  slightly  modifled  to  meet  the  requirements  of  an 
officer's  training,  rather  than  give  all  specific  training  in  Coast 
Artillery  technique  by  separate  courses.  Due  credit  will 
be  given  for  courses  in  English,  one  other  modern  language, 
American  and  General  History  and  Civics,  which  will  be  required. 
All  such  instruction  and  the  modified  courses  in  mathematics 
and  physics,  will  be  given  by  the  college  faculty,  while  courses 
in  Gunnery  and  Theoretical  Military  Instruction  will  be  given 
by  the  army  officer  on  duty.  A  distinctive  feature  of  the 
course  is  that  neither  drills  nor  wearing  of  uniforms  will  be 
required  during  the  academic  year,  and  that  all  such  practical 
military  instruction  will  be  consolidated  into  two  or  three 
training  camps  of  six  weeks,  during  the  summer  vacations. 

To  anyone  who  has  known  the  relations  of  the  colleges 
and  the  army  in  former  years  and  who  also  realizes  the  tre- 
mendous asset  that  college  men  have  proven  to  the  Coast 
Artillery  in  its  task  in  the  world  war,  there  will  be  refreshingly 
apparent  the  revolutionary  progress  involved  in  the  concep- 
tion of  this  new  scheme. 

As  a  practical  proposition,  the  army  will  secure  the  most 
hearty  following  from  college  students  undergoing  military 
instruction  when  the  conditions  are  such  that  the  military 
instruction  conforms  most  to  their  college  scheme  of  existence. 
For  the  time  being,  college  life  with  its  work  and  play  is  an 
absorbing  chapter  to  the  student  which  he  resents  having 
interrupted  by  the  routine  of  drills  in  uniform,  which  at  the 
moment  are  distasteful  to  him  as  they  need  not  be  at  other 
periods  of  his  life,  simply  because  military  drill  snatches  him 
out  of  a  very  distinctive  atmosphere,  and  robs  him  of  the 
sensation  of  picturesque  individualism  which  in  all  his  other 
relations  on  the  campus  he  keenly  feels  and  enjoys.  So  one 
merit  of  this  scheme  of  instruction  is  that  it  provides  the  possi- 
bility for  all  practical  military  instruction  to  be  consolidated 
into  summer  training  camps. 

But  the  real  step  forward  is  the  recognition  of  the  validity 
of  academic  standards  and  the  elastic  adaptation  of  regular 
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courses  in  college  curricula  to  meet  the  needs  in  the  training 
of  Coast  Artillery  officers.  The  direct  application  of  theory 
in  certain  courses  to  its  practical  adaptation  in  certain  Coast 
Artillery  materiel,  constitutes  a  valuable  help  in  confirming 
in  the  student's  mind  the  academic  principle  which  is  the  pro- 
fessor's immediate  concern,  and  at  the  same  time  a  Coast 
Artilleryman  is  in  the  making. 

The  warmest  mutual  sympathy  and  co-operation  between 
the  Coast  Artillery  and  the  colleges  is  necessary  to  spell  the 
advantage  that  each  can  be  to  the  other.  Let  us  be  frank 
enough  to  admit  that  the  greater  immediate  advantage  is 
forthcoming  to  the  Coast  Artillery,  while  in  the  last  analysis 
the  benefit  will  come  home  to  the  country,  which  both  the 
Coast  Artillery  and  the  colleges  seek  to  serve. 


The  Anti- Aircraft  Service 

During  the  last  six  months  of  the  European  War  the  fight 
for  supremacy  of  the  air  was  vigorously  pushed  by  all  of  our 
Allies  as  well  as  by  the  Central  Powers.  Without  entering 
into  a  dispute  as  to  who  did  have  the  supremacy  at  various 
times  we  must  admit  that  the  Hun  held  his  place  in  the  air 
until  the  very  last  break  came  about  November  4.  In  fact, 
you  can  hear  from  any  number  of  Infantry  or  Artillery  officers 
a  statement  like  this:  "The  Boche  had  the  air  all  to  himself 
in  our  part  of  the  line." 

Fighting  in  the  air  and  from  the  air  are  forms  of  modern 
warfare  that  have  come  to  stay.  In  the  wars  of  the  future 
the  belligerent  who  has  kept  up  his  aerial  preparations  and 
can  immediately  begin  hostilities  with  the  supremacy  of  the 
air  will  have  a  tremendous  advantage.  Assuming  that  we 
are  now  at  peace  we  must  begin  to  prepare  not  for  another 
war  but  against  another  war.  The  surest  way  to  keep  some 
war-maker  from  picking  a  quarrel  with  us  is  to  show  him 
that  we  are  prepared  to  meet  any  thrust  which  he  may  make. 
Then  the  problem  of  our  General  Staff  is  to  keep  in  touch 
with  the  military  progress  of  all  possible  belligerents  of  the 
future  and  to  develop  correspondingly  our  own  military 
power  so  as  to  discourage  all  their  efforts  toward  war. 

In  making  these  peace  time  plans  against  future  wars,  the 
General  Staff  should  from  time  to  time  make  an  estimate  of 
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the  situation  just  as  a  commander  in  the  field  must  continually 
make  an  estimate  of  the  situation  in  order  to  dispose  his 
forces  for  the  various  phases  of  the  battle.  According  to 
the  principles  of  tactics  one  of  the  important  things  to  con- 
sider in  making  an  estimate  of  the  situation  is:  what  will 
the  enemy  do;  what  are  his  intentions?  And  after  finding 
out  the  enemy's  intentions  the  tactical  commander  makes 
his  dispositions  accordingly.  Now  since  we  know  one  of  the 
moves  which  our  enemy  of  the  future  will  make,  isn't  it  logical 
that  we  should  now  prepare  a  defense  for  it?  What  defense 
are  we  to  prepare  against  an  enemy's  tremendous  effort  in 
the  air?  This  form  of  warfare  consists  in  bombing  cities, 
railroad  yards,  supply  depots,  etc.,  bombing  and  machine 
gun  fire  upon  troops  in  the  front  line  and  on  the  march.  One 
form  of  defense  against  these  attacks  will  be  to  combat  them 
with  our  own  air  forces.  But  this  must  be  assisted  and  under 
certain  conditions  entirely  replaced  by  a  well  organized  defense 
from  the  ground.  This  ground  defense  system  constitutes 
the  Anti-aircraft  Service. 

No  matter  how  well  organized  and  trained  our  air  forces 
are  they  alone  cannot  constitute  a  complete  defense  against 
enemy  aerial  warfare  any  more  than  infantry,  unaided  by 
other  arms,  can  meet  all  the  assaults  of  the  enemy  infantry. 
When  the  Germans  introduced  a  new  form  of  warfare  atYpres 
in  April,  1915,  by  liberating  a  cloud  of  chlorine  gas  against 
the  Canadians,  the  British  immediately  began  preparing 
against  a  repetition  of  such  an  attack.  Their  defense  did  not 
consist  only  in  liberating  a  cloud  of  gas  to  go  over  and  neutralize 
the  one  coming  from  the  enemy  trenches,  but  they  also  equip- 
ped their  men  with  gas  masks  and  soon  provided  a  very  elab- 
orate system  of  gas  defense.  Although  the  British  had  the 
most  powerful  fleet  in  the  world,  they  were  not  content  with 
this  alone  to  protect  them  from  enemy  attacks  from  the  sea, 
but  in  addition  they  kept  their  shore  batteries  fully  manned 
and  their  harbors  mined.  Just  as  the  infantry  requires  aid 
from  other  arms,  just  as  gas  attacks  den^and  auxiliary  defense, 
and  just  as  an  effective  navy  requires  the  assistance  of  shore 
batteries  and  mines,  so  does  defense  against  enemy  aerial 
warfare  require  well  organized  auxiliary  defense  from  the 
ground — the  Anti-aircraft  Service. 

Now  to  what  extent  are  we  to  develop  our  Anti-aircraft 
Service?  It  is  a  problem  for  the  Coast  Artillery.  During 
the  war  the  personnel  of  the  Anti-aircraft  Service  of  the 
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A.E.F.  was  taken  from  the  Coast  Artillery.    The  opportunity 
is  now  ours,  we  can  make  of  this  service  what  we  will. 


Stick  by  the  Ship 

The  war  is  over.  This  fact  either  consciously  or  uncon- 
sciously, is  in  everybody's  mind.  To  the  professional  soldier 
the  fact  brings  a  train  of  reactions  which  at  first  blush  are 
depressing  rather  than  stimulating.  Some  of  the  reactions 
are  these: 

(a)  Wars  come  on  an  average  but  once  in  a  generation, 
and  now  that  this  war  is  over,  few  in  the  Service  may  expect 
further  opportunity  for  war  experience. 

(b)  The  country  is  tired  of  military  life  and  all  its  ways, 
and  may  skimp  and  pare  military  expenditure  to  such  an 
extent  that  progress  may  be  throttled  at  the  source. 

(c)  The  natural  American  tendency  toward  political 
recrimination  may  crystallize  into  a  spirit  of  bitter  criticism 
of  the  army  and  all  its  works  which  perchance  will  consign 
the  Regular  Army  to  Coventry  for  a  season. 

Quite  naturally  many  regular  officers  entertain  a  feeling  of 
uncertainty  and  discouragement  and  a  wonder  whether  the 
Service  will  continue  to  hold  a  challenge  for  their  abilities 
and  their  best  efforts.  It  is  surely  not  too  sweeping  a  state- 
ment to  say  that  many  are  seriously  thinking  of  resigning 
and  entering  upon  business  or  professional  careers.  This 
feeling  is  enhanced  by  the  positive  stimulus  to  effort  in  the 
business  world,  which  is  already  striping  and  grooming  its 
entries  in  the  new  race  for  success. 

The  uncertainty  regarding  forthcoming  legislation,  coupled 
with  the  present  shortage  and  shifting  of  enlisted  personnel, 
induce  a  halting,  negative  attitude  of  mind.  Undoubtedly 
we  need  the  inspiration  which  will  eventually  come  of  an 
authoritative  "All  right,  let's  go!"  and  the  apprisal  of  where  we 
are  to  go. 

In  the  meantime,  until  we  receive  such  outward,  positive 
stimulus,  we  have  within  the  Service  a  source  of  inspiration 
which  can  tide  over  for  every  high-thinking  officer  this  gray 
period  and  justify  within  him  the  conviction  that  it  is  worth 
while  for  him  to  stick  by  the  Service,  no  matter  what  may 
happen.  This  inspiration  should  come  from  taking  a  new 
grasp  on  the  meaning  of  a  motto  which  has  already  meant' 
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much  to  the  army — "Duty,  Honor,  Country."  If  this  motto 
means  anything,  it  means  an  inherent  belief  in  the  democracy 
for  which  we  serve,  and  the  love  for  that  democracy  which 
will  hold  us  to  the  spirit  of  sacrifice  of  personal  opportunity 
in  peace  if  need  be,  that  will  match  our  common  willingness 
to  sacrifice  life  itself  in  time  of  war.  Our  country  is  not  per- 
fect, and  has  made  mistakes,  and  can  and  may  misunder- 
stand us  and  the  service  to  which  we  devote  our  lives.  But 
whether  the  country  knows  it  or  not,  we  know  that  the  country 
needs  an  army,  and  that  for  the  army  to  be  what  the  people 
need,  it  must  hold  the  leaven  of  high-minded  officers. 

Now  the  inner  meaning  of  Duty  and  Honor  is  altruism. 
There  are  now  and  always  will  be  those  who  scoff  at  altruism 
as  a  practical  guide  for  human  effort.  But  the  fact  stands 
out  that  nearly  all  the  biggest  things  in  the  world  have  been 
done  in  a  spirit  of  altruism,  by  someone  who  either  disregarded 
whether  it  paid  or  not  or  else  recognized  that  it  did  not  pay. 

We  have  a  right  to  work  under  conditions  which  will  make 
our  work  effective  and  for  which  we  will  receive  proper  con- 
sideration— by  all  means.  And  in  the  long  run  the  innate 
justice  and  common  sense  of  the  American  people  will  insure 
that  these  conditions  will  prevail.  But  in  the  meantime,  it  is 
the  duty  and  the  honor  of  the  professional  soldier  to  steady 
the  ark,  and  until  the  sailing  is  clear,  to  stick  by  the  ship. 


MECHANICAL  SPOTTING  DEVICE* 

By  Major  C.  M.  Burlingame,  F.A. 

1.  This  article  furnishes  Description  and  Operation  of  the 
Burlingame-Collet  Spotting  -  Board,  together  with  diagram  of 
the  same. 

2.  This  board  is  submitted  as  a  result  of  satisfactory 
trial  and  use  in  actual  firing  at  Battery  Selfridge,  Fort  Kame- 
hameha,  H.T. 

3.  The  board  is  operated  by  one  man,  unassisted,  and  by 
its  rapidity  can  easily  take  care  of  all  splashes  which  are  well 
enough  separated  to  admit  of  independent  consecutive  observa- 
tion through  the  sighting  instruments. 

***A  model  of  this  board  modified  so  as  lo  increase  the  accuracy  and  make  the 
board  universal  has  been  constructed  for  test  by  the  Coast  Artillery  Board." 
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4.  The  board  is  designed  for  values  of  the  parallax  **a" 
of  the  target  with  respect  to  the  line  BC-B"  which  vary  from 
5  to  30  degrees.  This  makes  it  applicable  to  a  very  large 
number  of  batteries,  by  allowing  the  use  of  their  secondaries 
as  spotting  stations. 

5.  For  use  at  subcaliber  practice,  the  best  results  are  to 
be  secured  by  computing  an  independent  subcaliber  table, 
and  establishing  an  independent  subcaliber  spotting  station 
at  such  a  distance  from  BC  that  the  angle  "A"  will  approxi- 
mate the  probable  service-practice  angle.  In  case  the  sub- 
caliber spotting-station  is  on  that  flank  of  the  battery  opposite 
the  secondary,  a  separate  board  may  be  employed  for  sub- 
caliber, the  slide-rules  of  one  board  being  arranged  and  labeled 
for  right-handed  spotting,  those  of  the  other  for  left-handed 
spotting. 
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6.  The  accompanying  illustration  shows  a  subcaliber  board 
labeled  for  a  right-handed  spotting  station.  The  board  is 
two  feet  wide  by  one  foot  high.  Across  the  top  is  a  groove 
for  the  range  T-square.  The  latter  extends  downward  six 
inches  across  the  face  of  the  "K  cot  a"  table.  The  values  of 
"K  cot  a"  are  best  computed  for  each  battery  separately, 
as  will  be  seen  from  the  following  formula: 

"r  equals  d'cosec  a  plus  d  cot  a." 
In  the  formula  "r"  is  the  longitudinal  deviation  in  yards,  *'d" 
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and  **d'"  are  the  lateral  deviations  from  BC  and  B"  respec- 
tively, in  yards.  When  **a*'  has  a  very  small  value,  consider 
cosec  a  equal  to  cot  a.    Then  we  have  the  formula: 

"r  equals  cot  ^  times  d  plus  d'**. 

ttR' 

Letting  R'  be  the  range,  let  K  equal  iaav^iqa     K  and  the 

deflection  are  the  factors  of  d'.  Since  K  depends  only  on  the 
range,  it  may  readily  be  incorporated  in  the  cotangent  table. 
Compute  "K  cot  a"  for  every  five  degrees  in  azimuth  and 
every  100  yards  of  subcaliber  range,  or  for  every  1000  yards  of 
service  range.  The  lower  part  of  the  board  consists  of  four 
lateral  grooves,  the  first  and  fourth  for  celluloid  indices  as 
shown.  The  second  groove  is  for  an  adding  slide-rule,  which 
places  the  deflection  observed  at  B"  opposite  that  observed 
at  BC,  the  scale  for  the  latter  being  on  the  standing  part  of 
the  board  between  grooves  one  and  two.  The  third  groove 
is  for  a  logarithmic  slide-rule,  which  has  arrows  at  the  ends. 
The  numbers  on  the  slide  are  in  opposite  direction  from  those 
on  the  standing  scale  below  it. 

7.    The  operation  of  the  board  is  as  follows : 

(a)  The  spotter  takes  station  in  BC,  and  listens  to  the 
travel  reader,  keeping  the  T-square  set  to  the  nearest  azimuth. 
He  listens  to  the  range  called  by  the  plotter,  (or  watches  it 
on  a  drum,  the  shaft  of  which  extends  to  the  BC  station  from 
the  plotting  room),  keeping  the  lower  index  on  the  standing 
scale,  to  correspond  to  the  value  of  K  cot  a,  for  the  latest 
range.  This  part  of  the  spotters  work  is  performed  continu- 
ously or  as  the  opportunity  offers  between  his  operations  on 
the  adding  slide-rule.  In  case  he  is  hurried  he  ceases  to  operate 
this  part  of  the  board,  using  the  last  placed  position  of  the 
lower  index  in  subsequent  operation  until  he  can  get  a  chance 
to  set  a  new  range  and  azimuth. 

(b)  As  soon  as  the  deflections  of  the  splash  are  received 
from  BC  and  B"  observers,  he  sets  the  deflections  opposite 
one  another  and  sets  the  "over"  or  "short"  reference  number 
which  is  opposite  the  arrow  index  of  the  upper  slide-rule, 
opposite  his  lower  index,  reading  the  actual  "over"  or  "short" 
from  the  multiplying  table  opposite  the  arrow. 

(c)  The  whole  operation  requires  less  than  ten  seconds 
from  the  splash  to  the  spotters  report,  and  is  extremely  accurate, 
and  easy  of  operation. 

(d)  The  construction  of  the  left-handed  board  is  similar 
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to  the  one  described,  the  adding  slide  beiog  graduated  In  the 
same  direction  as  the  standing  scale,  but  both  of  them  being 
reversed  without  reversing  the  "over"  and  "short"  reference 
scale  immediately  below  them.  This  is  considered  to  be  a 
better  plan  than  that  of  using  the  same  board  for  all  base 
lines  and  for  both  subcaliber  and  service  practice;  which,  of 
course,  can  be  done  by  including  a  subcaliber  table  at  the  bot- 
tom or  top  of  the  service  chart  and  reading  "overs"  on  the 
right  of  the  reference  scale  when  the  base  line  is  right-handed, 
and  reading  "shorts"  on  the  right  of  the  scale  when  the  base 
line  is  left-handed. 


PROFESSIONAL  NOTES 


British  Naval  Design— An  American  Tribute 

Concurrently  with  the  official  statement  from  Washington  thai  no 
expenditure  for  capital  ship  construction  under  the  new  three-year  programme 
is  to  be  incurred  until  after  the  conclusion  of  peace,  an  interesting  report 
reaches  us  with  regard  to  the  six  American  battle-cruisers  which  were  author- 
ized in  1916,  but  apparently  have  not  yet  been  laid  down.  When  the  original 
plans  for  these  vessels  were  promulgated,  their  daring  novelty  evoked  much 
criticism,  mostly  adverse,  and  from  the  very  first  it  was  doubtful  whether 
Ihey  would  be  built  on  the  lines  proposed.  It  now  appears  that  the  laying 
down  of  all  six  ships  has  been  postponed  on  the  urgent  recommendation  of 
Admiral  Sims,  Commander-in-Chief  of  the  United  States  naval  forces  in 
Europe,  "until  the  efficiency  of  the  new  cruisers  constructed  by  Great  Britain 
has  been  investigated." 

In  the  recently  expressed  opinion  of  Admiral  Sims,  the  latest  British 
vessels  are  "superior  to  the  un-armoured  but  swifter  vessels  contemplated 
by  America."  As  this  officer  has  been  in  a  position  to  study  at  first  hand 
the  trend  of  naval  design  in  Europe  for  the  last  two  years,  his  judgment 
naturally  carries  great  weight,  and  we  may  take  it  that  his  virtual  condem- 
nation of  the  projected  battle-cruisers — Constitution,  Constellation,  Lexing- 
ton, Ranger,  Saratoga,  and  one  un-named — will  result  in  the  abandonment 
of  these  ships,  so  far  at  least  as  the  initial  plans  are  concerned.  From  time 
to  time  we  have  published  such  data  of  the  "Constitution"  class  as  were 
available,  together  with  the  technical  criticisms  to  which  the  vessels  were 
subjected  and  the  rejoinder  made  by  Admiral  Taylor,  of  the  Bureau  of  Con- 
struction. The  main  elements  of  the  design  were  as  follows:  Length 
on  water-line  850  ft.,  over  all  874  ft.,  beam  90  ft.,  mean  draught  30  ft.  11  in., 
normal  displacement  34,800  tons.  The  machinery  was  to  consist  of  turbines 
with  electric  reduction  gear,  designed  for  180,000  horse-power  and  a  speed 
of  35  knots.  According  to  the  Bureau  of  Construction's  plan,  half  the  total 
number  of  boilers  were  to  be  disposed  above  the  water-line,  where  they  would 
be  protected  by  a  curving  steel  deck.  This  arrangement  was  almost  univer- 
sally condemned,  particularly  by  naval  officers,  who  pointed  out  that  the 
exposure  of  the  generators  to  disablement  by  projectiles  of  medium  caliber 
ran  counter  to  the  first  principles  of  warship  protection.  The  hull  itself 
was  to  have  an  incomplete  water-line  belt  of  armor  of  no  great  thickness, 
but  the  main  artillery  positions  and  fighting  stations  were  to  be  adequately 
protected.  Ten  14-inch  50-caliber  guns — in  two  triple  and  two  twin  bar- 
bettes, all  on  the  center  line — were  to  represent  the  main  armament,  with 
eighteen  5-inch  quick-firing  guns  as  an  anti-torpedo  battery.     Of  the  eight 
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torpedo  tubes  fitted,  four  were  to  be  on  the  main  deck,  i.e.,  above  water. 
Another  distinctive  feature  was  to  be  a  special  equipment  for  carrying  and 
launching  seaplanes.  The  estimated  cost  of  each  vessel  when  completed 
for  sea  was  £5,500,000.  Contracts  for  the  first  three  had  been  placed  with 
the  Newport  News  Company — two  ships — and  the  Fore  River  Company 
only  a  few  weeks  before  the  declaration  of  war  on  Germany,  but  in  conse- 
quence of  the  heavy  demand  for  destroyers  and  patrol  craft  which  followed 
that  event,  all  work  on  capital  ships  was  temporarily  suspended,  and  it 
does  not  appear  that  the  three  vessels  were  ever  actually  begun.  That  they 
would  have  been  formidable  ships  goes  without  saying,  but  whether  they 
would  have  had  fighting  qualities  sufficient  to  justify  the  enormous  cost  is 
another  question.  One  of  the  outstanding  lessons  derived  from  Jutland  and 
other  naval  engagements  of  the  war  Ls  the  imperative  need  for  robust  pro- 
tection in  all  vessels  which  are  likely  to  come  under  the  fire  of  heavy  guns. 
Stout  protection,  in  fact,  was  shown  to  be  as  indispensable  a  feature  of  the 
battle-cruiser  as  gun-power  and  speed,  and  it  is  precisely  on  this  point  that 
the  plans  of  the  "Constitution"  class  leave  so  much  to  be  desired.  The 
new  British  cruisers  to  which  Admiral  Sims  refers  are  apparently  the  Hood 
and  Rodney,  the  first  named  of  which  is  expected  to  make  her  trials  in  the 
coming  April.  Few  authentic  details  of  this  class  are  known,  but  the  dis- 
placement is  believed  to  be  about  31,000  tons,  and  a  speed  of  considerably 
more  than  30  knots  is  anticipated.  The  main  battery  will  be  eight  15-inch 
guns.  Unlike  Renown  and  Repulse,  the  Hood  is  well  armoured  with  a 
deep  belt  equal  in  thickness  to  that  of  any  pre-war  capital  ship.  Although 
somewhat  smaller  and  certainly  much  cheaper  than  the  Constitution,  the 
Hood  promises  to  be  a  better  all-round  fighting  ship,  and  we  are  not  surprised 
that  Admiral  Sims  has  come  to  the  same  conslusion. 

Unofficial  messages  indicate  that  the  "Constitution"  class  will  be  entirely 
re-designed,  with  all  propelling  machinery  and  boilers  placed  well  below  the 
water-line,  a  complete  belt  of  armor,  and  a  main  battery  of  eight  16-inch 
guns.  In  other  words,  the  essential  features  of  the  latest  British  battle- 
cruisers  are  to  be  incorporated  in  the  new  American  ships.  It  need  hardly 
be  said  that  this  decision  implies  a  handsome  compliment  to  British  naval 
architects  and  shipbuilders,  whose  prestige  has  never  stood  higher  than  it 
does  today.  Just  as  the  "Majesties"  of  1893  became  the  universally  ac- 
cepted model  for  battleship  construction  in  every  foreign  country,  so  our 
present-day  capital  ships,  cruisers,  and  even  torpedo  craft  are  being  dupli- 
cated more  or  less  faithfully  by  all  the  leading  naval  Powers.  It  is,  perhaps, 
the  finest  tribute  of  all  that  the  United  States,  which  has  hitherto  endeavored 
to  plan  its  fighting  ships  on  original  lines,  should  now  be  on  the  point  of 
rejecting  a  purely  American  design  in  favor  of  one  embodying  what  we  are 
entitled  to  regard  as  typically  British  characteristics. — The  Engineer, 

♦         ♦        ♦ 

The  German  Method  of  Registration  of  Heavy  Batteries 
by  Photography,  Without  Aerial  Observation 

(Translation) 

The  present  development  of  aerial  photographic  reconnaissance  permits 
the  registration  of  heavy  batteries  without  continuous  observation  by  air- 
plane, balloon,  or  ranging  section,  merely  by  previously  locating  the  points 
of  impact  by  means  of  airplane  photographs.    > 


334  JOURNAL  U.  S.  ARTILLERY 

This  method  is  applicable  in  the  first  place  to  objectives  located  far 
within  the  enemy's  lines,  and  against  which  fire  for  effect  is  not  executed 
until  later.  The  determination  of  location  of  the  points  of  impact  on  the 
photographs  gives  the  error  in  deflection  and  range  in  referei^ce  to  all  the 
objectives  located  near  the  point  on  which  fire  has  been  registered.  In  this 
way,  registration  can  be  effected,  not  upon  the  objective  itself,  but  upon  some 
point  near  it.  It  is  well  to  vary  the  method  of  fire  in  respect  to  time  so 
as  to  give  the  enemy  the  impression  of  a  harrassing  fire. 

Attention  is  also  directed  to  the  following  points: 

1.  Choice  of  the  registration  point: 

(a)  The  terrain  must  be  free  from  trees.  The  distance  to  the  nearest 
woods  must  be  such  that  long  or  short  shots  will  not  be  hidden.  The  exist- 
ence of  near-by  landmarks  facilitates  the  work  of  the  photographing  airplane. 

(b)  The  registration  point  selected  must  not  have  been  the  target  for 
any  fire  since  the  last  airplane  photograph  was  taken.  Any  fire  executed 
before  the  last  photograph  was  taken  has  no  importance.  It  is  absolutely 
forbidden  to  fire  in  the  immediate  vicinity  of  the  target  before  the  first 
photograph  taken  after  the  ranging;  this  is  especially  important,  as  an 
airplane  may  easily  photograph  several  rangings  during  one  flight. 

2.  An  effort  must  be  made  to  eliminate  as  far  as  possible  the  dispersion 
due  to  variation  in  ammunition;  therefore,  ammunition  of  the  same  manu- 
facture and  properly  stored  should  be  used. 

3.  The  points  of  impact  must  be  clearly  visible.  If  possible  use  non- 
sensitive,  delay-action  percussion  fuses. 

4.  Determine  the  deflection  and  elevation  from  the  firing  board,  elimi- 
nating atmospheric  influences.     Correct  for  angle  of  site. 

5.  Number  of  rounds,  not  over  10.  (All  rounds  fired  with  the  same 
angle  of  elevation  and  the  same  deflection  and  by  the  same  gun.) 

6.  Record  the  shots.  Request  the  divisional  flight  to  have  the  regis- 
tration point  photographed  the  following  day  or  the  next  favorable  day, 
indicating  exactly  the  square  on  the  plan  directour  where  the  shots  should  be 
found.  At  the  same  time,  inform  the  Army  Corps  as  to  the  square  of  the 
plan  directour,  the  number  of  rounds  fired,  the  kind  of  projectile,  and  firing 
position.    Measurements  on  the  photographs  are  made  by  the  Army  Corps. 

7.  Later,  when  fire  for  effect  is  executed,  take  into  account  the  correc- 
tions for  meteorological  differences  between  the  present  day  and  the  one 
on  which  the  ranging  took  place. 


The  Aberdeen  Chronograph 

The  Coast  ArtUlery  School  has  secured  an  Aberdeen  Chronograph  for 
the  measurement  of  muzzle  velocities.  This  will  be  used  for  instruction  and 
experimental  purposes. 

The  principle  of  the  operation  of  the  chronograph  consists  in  measuring 
the  time  interval  between  the  passage  of  the  projectile  between  screens 
placed  at  measured  intervals  along  the  trajectory.  Each  screen  consists  of 
two  conductors  separated  and  insulated  from  each  other.  When  the  pro- 
jectile hits  the  screen  its  point  penetrates  the  conductors  and  the  intervening 
insulator,  "making"  a  circuit.    This  circuit  is  the  primary  of  an  induction 
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coil,  and  in  the  secondary  is  a  spark  gap  through  which  is  traveling  a  strip  of 
record  paper  at  a  very  uniform  velocity.  When  the  circuit  is  "made**  in 
the  primary,  the  induced  voltage  of  the  secondary  jumps  the  gap,  incidentally 
piercing  the  record  strip  and  leaving  a  record.  When  the  next  screen  is 
pierced  a  similar  record  is  made  on  the  record  strip.  Knowing  the  speed  of 
the  record  strip,  the  separation  of  the  spark  perforations  allows  the  elapsed 
time  to  be  computed,  and  this  time  interval  b  applied  to  the  distance  between 
the  screens  to  obtain  the  muzzle  velocity. 

In  the  Aberdeen  Chronograph  the  uniform,  known  speed  of  the  record 
strip  is  obtained  by  means  of  a  constant  speed  electric  motor,  which  is  direct 
connected  to  a  hollow  disk,  or  plate,  on  the  inner  surface  of  which  is  placed 
the  record  strip.  The  motor  is  maintained  at  25  revolutions  per  second  by  a 
very  sensitive  governor.  The  circumference  of  the  inner  face  of  the  plate 
is  50  cm.,  giving  a  linear  speed  of  1250  cm.  per  sec.  Spark  points  approach 
near  the  inner  face  of  the  plate,  the  record  strip  just  passing  between  the 
points  and  the  plate.  This  plate,  through  the  motor  bed,  is  connected  to 
one  side  of  the  secondary  of  each  of  the  three  screen  circuits,  and  one  of  the 
spark  points  is  connected  to  each  of  the  circuits. 

♦        ♦        ♦ 

Launching  an  Airplane  from  an  Airship 

By  no  means  new  is  the  idea  of  launching  an  airplane  from  an  airship. 
For  many  years  past  artists  have  shown  large  dirigibles  carrying  one  or 
more  airplanes,  for  military  and  peaceful  purposes.  But  it  is  one  thing  to 
merely  confine  such  ideas  to  paper  and  quite  another  to  realize  such  an 
achievement. 

Several  weeks  ago  the  experiment  of  launching  an  airplane  from  a  diri- 
gible was  successfully  carried  out  at  the  Rockaway  Beach  air  station  of  the 
Navy,  near  New  York  City.  One  of  the  large  Naval  airships  was  brought 
to  the  field  and  landed  followed  by  five  airplanes  from  the  Mineola  air  school. 
When  preparations  for  the  test  had  been  completed,  the  airship  rose  to  a 
height  of  100  feet,  held  by  its  anchor  ropes,  while  one  of  the  airplanes  was 
wheeled  into  position  below  the  large  gas  bag.  The  airplane  was  fastened 
to  the  dirigible  by  means  of  a  100-foot  cable,  dropped  from  the  car  of  the 
latter. 

These  preparations  completed,  ballast  was  dropped  from  the  dirigible. 
The  airship  rapidly  rose  to  3000  feet,  with  the  diminutive  airplane  swinging 
below  it  at  the  end  of  the  100-foot  cable.  At  the  proper  moment  the  air- 
plane pilot  pulled  the  release  cord  and  freed  his  machine,  which,  with  the 
engine  "dead,"  went  into  a  steep  nose  dive. 

The  force  of  the  air  in  the  downward  rush  was  counted  upon  to  crank 
the  propeller  and  engine.  After  dropping  about  1000  feet,  the  engine 
started  with  a  roar,  and  the  pilot  then  rejoined  the  four  other  airplanes  which 
had  been  circling  about,  and  in  their  company  started  off  for  the  Mineola 
field. — Scientific  American. 

♦        ♦        ♦ 

The  War's  Influence  on  Naval  Design 

It  is  too  early  as  yet  to  predict  what  effect  the  experience  gained  during 
the  war  will  have  in  modifying  future  naval  designs  in  a  broad  way.    Whether 
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it  will  produce  radical  changes  in  our  ideas  of  the  relative  values  of  the  various 
types  of  fighting  ship,  it  is  too  early  to  say  positively;  but  the  present  indi- 
cations are  that  a  fighting  fleet  will  consist,  for  many  years  to  come,  of 
battleships,  battle-cruisers,  well-armed  scout  cruisers,  and  destroyers. 

Coming  down  to  details,  it  is  not  our  purpose  to  go  elaborately  into  the 
matter  just  now,  but  rather  to  point  oiu"  some  of  the  lessons  which  apply 
more  particularly  to  first-line  fighting  ships — that  is,  the  dreadnought, 
battleships,  and  battle-cruisers. 

The  great  increase  in  the  length  of  capital  ships  due  to  the  rapid  develop- 
ment of  the  battle-cruiser,  brings  to  the  front  the  problem  of  stiffness  and 
longitudinal  strength.  During  the  war  the  British  had  battle-cruisers  in 
action  and  on  patrol  work,  that  were  over  800  feet  in  length.  The  experience 
gained  suggests  that  special  attention  must  be  paid  to  the  matter  of  the 
girder  strength,  or  the  resistance  to  bending  stresses  of  these  great  ships. 
The  problem  is  rendered  more  difficult  by  the  natural  desire  of  the  line  offi- 
cers who  fight  the  ship,  to  have  their  vessel  present  as  small  a  target  as  pos- 
sible to  the  enemy,  especially  in  respect  to  its  height  above  the  water-line. 
It  was  a  matter  of  remark  among  the  officers  of  our  own  fleet  that  when  the 
surrendered  German  battleships  and  battle-cruisers  came  in  sight,  and 
particularly  when  they  came  abeam,  they  gave  an  impression  of  sitting 
very  low  in  the  water.  The  battle-cruisers  "Renown"  and  "Repulse** 
give  the  same  impression.  This  low  freeboard  and  absence  of  lofty  super- 
structures is  all  to  the  good  in  rendering  it  difficult  for  the  enemy  to  score 
hits;  but  from  a  structural  standpoint,  it  is  all  to  the  bad;  for  if  we  lengthen 
the  ship  without  making  a  corresponding  increase  in  her  depth,  we  lose  in 
girder  depth  and  consequently  lose  enormously  in  girder  strength — lose  in 
fact  as  the  square  of  the  depth. 

Probably  there  is  no  more  difficult  task  set  before  the  naval  architect 
than  that  of  designing  such  huge  vessels  as  our  new  battle-cruisers,  875  feet 
in  length  over  all  and  of  35  knots  speed.  Their  draft  is  subject  to  rigid 
limitations,  their  freeboard  must  be  kept  reasonably  low.  Consequently, 
compared  with  a  trans-Atlantic  liner  like  the  "Aquitania"  or  the  "Leviathan," 
they  are  very  shallow  for  their  great  length.  Furthermore,  unlike  the  com- 
mercial ship,  their  enormous  loads,  due  to  the  guns  of  L5-  or  16-inch  caliber 
with  their  immensely  heavy  barbettes,  turrets,  and  magazines,  are  con- 
centrated at  certain  specified  points  along  the  ship.  To  this  is  added  the 
enormous  weight  of  engines  and  boilers  sufficient  to  give  them  their  180,000 
or  more  horse-power. 

The  effect  of  this  heavy  concentration  of  weight  and  of  the  stresses  due 
to  the  recoil  of  heavy  guns,  was  shown  in  the  case  of  the  35-knot  ships  of 
the  "Furious**  class,  built  during  the  war  by  the  British.  These  vessels, 
of  great  length  and  comparatively  shoal  draft,  were  unable  to  stand  the 
recoil  of  the  two  18-inch  guns,  one  forward  and  one  aft,  which  were  tried 
experimentally  in  the  first  ship  of  the  class.  The  racking  effect  on  the  hull 
structure  was  such,  we  understand,  that  they  were  removed  and  15-inch 
guns  were  substituted. 

Another  lesson  of  the  war  is  the  supreme  importance  of  protecting  the 
vitals  of  the  ship  against  big-gun,  high-explosive  shell  fire.  It  took  the 
actual  test  of  battle  to  show  how  searching  is  the  flash  of  a  bursting  high- 
explosive  shell  of  large  caliber.  The  flaming  gases  of  the  explosion,  white 
hot  and  under  enormous  pressure*  search  out  the  interior  of  the  ship  for 
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unexpected  distances.  This  was  observed  and  commented  upon  by  survivors 
from  the  "Blucher"  which  was  sunk  in  the  battle  of  Dogger's  Bank  early 
in  the  war.  In  the  case  of  three  British  battle-cruisers  at  Jutland,  the  flash 
of  1 1-  and  12-inch  shells  thjat  came  through  the  roofs  or  walls  of  the  turrets, 
as  the  case  might  be,  found  its  way  down  to  the  powder  in  the  handling 
rooms  in  the  bottom  of  the  ship  and  set  off  the  whole  magazine.  This 
happened  in  spite  of  the  fact  that  the  hoists  to  the  guns  were  provided  with 
cut-offs  in  the  form  of  steel  doors.  Future  construction  will  take  note  of 
this. 

Necessarily  these  battle-cruisers  are  lightly  armored  compared  with 
battleships.  The  protective  value  of  armor  was  shown  by  way  of  contrast 
in  the  case  of  a  battleship  of  the  "Queen  Elizabeth**  class,  which  came  under 
the  fire  of  half-a-dozen  German  battleships.  Although  the  ship  was  struck 
over  30  times  by  big  shells  delivered  at  moderate  ranges,  she  came  through 
without  vital  injury. — Scientific  American. 


G)pper  Fouling  of  the  Bore 

Copper  fouling  of  the  bore  due  to  the  depositing  of  copper  from  the 
rotating  band  in  the  grooves  increases  the  resistance  in  the  bore  and  should 
be  carefully  guarded  against.  The  following  method  of  decoppering  has 
been  developed  and  is  now  used  in  the  French  service. 

The  process  consists  of  introducing  into  the  chamber  of  the  gun  an  alloy 
consisting  of  60  per  cent  tin  and  40  per  cent  lead  by  weight  which  breaks  up  at 
the  moment  of  firing  into  two  components,  the  tin  uniting  with  the  copper 
in  the  bore  of  the  gun  to  form  a  fusible  brass  alloy.  The  lead  does  not  unite 
with  the  copper  but  acts  principally  as  a  lubricant  for  the  succeeding  rounds 
and  tends  to  granulate  the  brass  alloy  and  facilitate  its  removal. 

Exhaustive  tests  made  by  the  French  have  given  rather  siu'prising  results. 
Not  only  is  the  process  very  effective  in  removing  the  copper,  but  it  prolongs 
the  life  of  the  gun  and  increases  its  range  almost  equal  to  that  of  a  new  gun. 

The  alloy  is  used  in  two  ways;  in  decoppering  rounds,  to  remove  the  exist- 
ing copper  fouling  and  in  non^coppering  rounds,  to  prevent  the  accumulation 
of  such  copper  from  further  firing.  The  alloy  is  issued  in  the  form  of  thin 
bands  folded  flat  and  made  up  into  20  gram  packages. 

It  is  intended  that  futiu'e  powder  charges  will  contain  sufficient  alloy  to 
prevent  further  copper  fouling  but  until  such  a  time  as  these  non-coppering 
rounds  can  be  issued  continuously  it  will  be  necessary  for  batteries  to  make 
use  of  the  decoppering  rounds  at  various  intervals  to  keep  the  guns  in  good 
condition.  The  cartridges  and  cartridge  bags  containing  the  alloy  can  be 
distinguished  by  the  mark  A-n,  A  referring  to  the  alloy  and  n  to  the  number 
of  grams  of  alloy  contained  in  the  charge.  Unless  the  charges  are  marked 
as  containing  the  decoppering  alloy  it  will  be  incumbent  on  the  battery 
personnel  to  introduce  the  alloy  into  each  charge  before  firing.  In  the  ab- 
sence of  the  alloy,  certain  batteries  in  France  adopted  the  expedient  of 
thrusting  into  the  powder  chamber,  with  the  charge,  the  strips  of  tin  foil  in 
which  fuzes  were  wrapped  for  shipment. — Notes  on  Ammunition,  C.A,  School, 
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Machine-Gun  G)oling  Problem 

The  Inventions  Section  of  the  General  Staff  is  desirous  of  obtaining  a 
solution  of  the  problem  of  improving  the  methods  of  cooling  machine-guns 
during  continuous  fire,  and  the  prevention  of  the  freezing  of  the  cooling 
liquid  during  cold  weather  when  the  gun  is  not  in  use. 

At  present  the  ordinary  water-cooling  system  is  used.  It  is  necessary 
to  transport  several  boxes  of  water  for  each  gun  in  the  field,  as  the  water 
in  the  cooling  jacket  quickly  turns  into  steam  during  firing.  The  following 
points  should  be  observed  in  the  solution  of  this  problem: 

1.  It  should  be  easily  obtainable. 

2.  It  should  be  easily  carried. 

3.  It  must  not  be  too  expensive. 

4.  It  must  not  injure  the  metal  parts  of  the  gun. 

5.  If  possible,  it  should  be  capable  of  being  used  several  times  so  as  to 
avoid  extra  weight. 

6.  A  minimum  of  waste  during  use  should  be  obtained. 

It  must  not  be  assumed  from  the  above  that  a  cooling  system  for  machine 
guns  must  necessarily  follow  the  lines  of  the  present  water-filled  jacket. 
Any  efficient  method  of  cooling  will  receive  serious  consideration. 

Correspondence  in  regard  to  this  matter  should  be  addressed  to  the 
Inventions  Section,  General  Staff,  Army  War  College. — Mechanical  Engi- 
neering. 


Listing  Ships  for  Range 

In  the  annual  report  of  the  Bureau  of  Ordnance,  Admiral  Earle  states 
that  the  turret  machinery  on  the  "Mississippi"  has  been  tested  and  suc- 
cessfully fired,  with  the  ship  listed  7H  degrees,  which,  with  the  guns  at  their 
maximum  elevation  of  15  degrees,  gave  the  calculated  range.  This  increase 
of  range  by  listing  the  ship  has  been  practised  successfully  by  allied  ships 
in  various  engagements  of  the  war,  and  particularly  in  the  long-range  bom- 
bardment of  the  German  fortifications  at  Zeebrugge  and  Ostend.  We 
understand  that  in  our  latest  turret  designs  the  mounts  are  arranged  to  give 
a  maximum  elevation  of  30  degrees,  which  of  course,  in  any  but  very  excep- 
tional circumstances,  would  obviate  the  necessity  for  listing  the  ^ip.  It 
is  gratifying  to  learn  that  the  type,  16-inch,  50-caliber  naval  gun  has,  in  test, 
"proved  successful  beyond  expectation,  and  this  gun  promises  to  be  an  ex- 
ceptionally splendid  piece  of  ordnance.*'  It  will  form  the  main  armament 
of  our  future  capital  ships. — Scientific  American. 


Later  Particulars  of  "Hush"  Ships 

The  latest  statement  of  dimensions  regarding  the  so-called  "hush** 
ships  built  for  the  British  navy  during  the  war,  indicate  that  their  dimensions* 
speeds,  etc.,  as  published  during  the  war  were  greatly  exaggerated.  Thus* 
The  Engineer  gives  the  following  dimensions  for  the  battle-cruisers  "Renown** 
and  "Repulse**:  Length,  794  feet,  beam,  90  feet;  draft,  30  feet;  normal 
displacement,  26,500  tons:  and  for  the  celebrated  trio  "Furious,**  "Courage- 
ous,** and  "Glorious,**  the  dimensions  given  by  the  same  authority  are: 
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Length,  786  feet;  beam,  81  feet;  normal  draft,  25  feet;  and  displacement* 
18,600  tons.  After  the  "Furious"  was  changed  to  a  seaplane  carrier,  air- 
planes had  no  difficulty  in  landing  on  her  deck  after  returning  from  a  flight. 
She  is  credited  with  18  torpedo  tubes  and  with  90,000  horse-power  for  a 
speed  of  31  knots,  which,  we  are  told,  was  very  greatly  exceeded  in  actual 
service. — Scientific  American, 

♦  ♦        ♦ 

Sixteen  Inch  vs.  Eighteen  Inch  Guns 

The  removal  of  the  18-inch  guns  from  the  British  cruiser  "Furious," 
because  their  discharge  stressed  the  ship's  structiu'e  too  heavily,'  suggests 
that  our  16-inch  fifty-caliber  gun  is  about  the  limit  of  weight  and  power  for 
naval  ordnance.  Our  gun  weighs  128  tons  and  its  shell  2100  pounds;  the 
shell  of  the  18-inch  gun  must  have  weighed  some  3000  pounds  and  the  gun 
nearly  200  tons. — Scientific  American. 

♦  ♦        ♦ 

The  Torpedoplane  of  Reality 

Ever  since  Rear  Admiral  Bradley  A.  Fiske,  U.S.N.,  patented  the  torpedo- 
plane  back  in  July,  1912,  this  form  of  naval  weapon  has  received  some 
attention  on  the  part  of  naval  men.  But  it  has  remained  for  the  British  and 
the  Germans  to  give  the  idea  an  actual  tryout,  and  this  they  did  during  the 
last  years  of  the  great  war. 

The  torpedoplane  is  nothing  more  than  an  airplane  or  seaplane  arranged 
to  carry  one  or  more  torpedoes  which  it  can  launch  at  surface  targets  from  a 
distance  of  several  hundred  yards,  to  ensure  accuracy  of  aim.  The  British 
have  constructed  torpedoplanes  in  which  a  single  torpedo  is  carried  between 
the  floats  or  wheels,  depending  on  whether  the  craft  is  a  seaplane  or  land 
machine.  The  Germans  have  constructed  similar  machines.  In  some 
instances  the  torpedoplanes  have  had  single  engines,  while  in  others  they 
have  been  of  the  more  powerful  twin-engine  model. 

British  naval  officers  sank  two  ships  during  1916,  by  means  of  torpedo- 
planes.  The  Germans  retaliated  by  sinking  the  British  steamship  "Gena** 
by  means  of  one  of  their  torpedoplanes.  However,  the  war  ended  before 
either  side  could  try  out  the  torpedoplane  on  an  extensive  scale,  hence  the 
efficiency  of  this  naval  weapon  is  still  a  matter  for  conjecture.  It  is  under- 
stood that  a  single  torpedo  weighing  about  2,000  pounds  is  generally  carried. 
More  torpedoes  mean  a  larger  machine,  which  in  turn  means  a  better  mark 
for  the  enemy  gunners.  Hence  the  single-torpedo  type  seems  the  best  for 
the  purpose. — Scientific  American, 

♦  ♦        ♦ 

Lateral  Deviation  of  Projectiles 

K.  H.  Guldner.  in  the  Zeitschriff  des  Vereines  deutscher  Ingenieure  for 
August  11  and  18,  1917,  describes  some  investigations  which  he  carried 
out  to  determine  the  lateral  deviation  of  projectiles  caused  by  the  spin 
imparted  to  them  by  the  rifling  of  a  trench-mortar.  The  trench-mortar 
provides  a  suitable  means  of  canning  out  such  tests  as  the  motion  of  the 
projectile  may  be  followed  by  the  eye.  Rifling  with  a  right-handed  twist 
may  cause  constant  lateral  deviation  both  to  the  right  and  left.  Right  or 
left  deviation  is  the  result  of  right  or  left  precession,  and  is  visible  to  the 
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naked  eye.  Left  precession  with  rifling  having  a  right-handed  twist  can 
occur  only  after  the  maximum  height  of  the  trajectory  has  been  passed  if 
the  center  of  action  of  the  air-resistance  lies  behind  the  center  of  gravity  of 
the  shell.  The  precession  on  the  ascending  part  of  the  trajectory  is  always 
greater  than  in  the  descending  part. 


American  Anti-Aircraft  Artillery 

The  results  attained  by  the  American  anti-aircraft  artillery  far  sur- 
passed expectations.  The  best  Allied  average  of  which  any  data  is  available 
is  believed  to  be  one  plane  for  8000  shots,  and  the  best  available  figures 
indicate  that  the  number  of  planes  brought  down  by  a  single  Allied  battery 
since  the  beginning  of  the  war  is  17.  On  the  other  hand,  the  American  23rd 
Anti-aircraft  battery  brought  down  9  planes  in  less  than  4  months.  The 
American  anti-aircraft  machine-gun  troops,  and  search-light  troops  also 
carried  on  their  work  with  aggressiveness  and  with  results  never  before 
equaled. 


Italians  Developed  New  Observation  Balloon 

The  chief  of  the  Aerostatic  Section  of  the  Italian  Army,  Major  Avoria 
and  Signor  Prassove,  Director  of  the  Italian  Army  Aircraft  Works,  produced, 
just  prior  to  the  signing  of  the  armistice,  a  new  type  of  observation  balloon, 
which  proved  much  more  satisfactory  than  the  Parseval-Sigsfeld  or  Tribo- 
lal  Caquot  balloon.  The  new  type  is  essentially  a  spherical  aerostatic 
fitted  with  what  are  equivalent  to  stabilizing  fins  and  acting  as  a  kite.  It  m  ay 
be  employed  in  winds  of  over  55  miles  an  hour,  while  the  Parseval  type 
could  not  be  used  safely  in  winds  exceeding  12  miles  an  hour.  The  new  type 
requires  less  gas  and  owing  to  its  smaller  dimensions,  is  easily  transported 
and  housed,  and  safer  from  hostile  fire.  A  further  advantage  in  the  employ- 
ment of  mooring  cables  of  smaller  section  follows  from  its  smaller  head 
resistance,  while  should  the  mooring  cable  snap,  the  balloon  may  be  navi- 
gated as  a  free  balloon. — Aerial  Age  Weekly. 


The  14-gun  "Agincourt"  Not  Popular 

The  British  battleship  "Agincourt" — formerly  the  "Rio  dc  Janerio" 
building  for  Brazil  and  taken  over  by  the  British  when  the  war 
opened — is  notable  for  the  fact  that  she  has  no  less  than  seven,  two-gun 
turrets,  mounting  a  total  of  fourteen  12-inch  guns  as  her  main  battery. 
Her  protection  of  nine  inches  of  side  armor  is  reinforced  by  three  protective 
decks,  17  main  bulkheads,  and  365  water-tight  compartments.  The  ship, 
according  to  The  Engineer,  is  a  type  quite  alien  to  British  naval  ideas,  which 
run  just  now  to  fewer  guns  of  heavier  caliber,  and  in  spite  of  her  formidable 
armament,  she  is  not  a  very  popular  ship. — Scientific  American, 
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The  British  Navy  in  Battle,     By  Arthur  H.  Pollen.      New  York.      Double- 
day,  Page  &  Company.     5Ji"x8Ji".  358  pp.  16  il.    Price,    $2.50. 

The  writer.  Sir  Arthur  H.  Pollen,  generally  considered  the  leading  British 
naval  critic,  has  had  access  to  the  official  reports  of  the  British  commanders 
and  has  written  a  book  of  sufficient  merit  to  cause  its  adoption  by  the  British 
Admiralty  as  a  guide  in  the  reconstruction  and  organization  of  the  Navy, 
made  necessary  by  the  war. 

The  author  discusses  the  Battle  of  Jutland  at  length,  giving  Admiral 
Scheer,  the  German  naval  commander,  somewhat  more  credit,  and  Sir  John 
Jellico,  the  British  admiral,  rather  less  credit  than  has  heretofore  been  given 
these  commanders  by  British  writers.  In  fact,  the  final  conclusion  seems 
to  be  that,  if  Admiral  Scheer  did  not  win,  he  certainly  accomplished  the  plan 
which  the  superiority  of  the  British  fleet  forced  upon  him,  for  the  Germans 
not  only  inflicted  superior  damage,  but  "widened  the  range"  when  desired, 
and  ultimately  escaped  with  practically  all  their  crippled  ships. 
mately  escaped  with  practically  all  their  crippled  ships. 

The  book  sets  forth  a  complete  history  of  the  British  Navy  in  the  late 
war,  and  in  addition  contains  interesting  and  instructive  chapters  on  the 
principles  of  naval  strategy,  tactics,  and  gunnery.  All  major  naval  actions 
of  the  war  are  discussed  and  analyzed  in  a  masterly  way.  The  book  is 
exceptionally  well  illustrated  with  line  cuts,  and  will  prove  of  more  than 
ordinary  value  to  the  public  in  general  and  to  Coast  Artillerymen  in  par- 
ticular. 

• 

The  Modern  Rifle,      (Volume  1,)    By  J.  R.   Bevis,   Ph.D.,   and  Jno.  A* 
Donovan,  M.  D.,  Montana.    Bevis  &  Donovan.     5"  x  7".     193  pp 
Profusely  illustrated.     Price,  $1.25. 

"The  Modern  Rifle"  is  a  valuable  addition  to  the  Hbrary  of  an  Artillery 
as  well  as  an  Infantry  Officer.  In  this  small  volume  the  authors  have  con- 
densed a  mass  of  technical  information  which  is  clearly  and  cleverly  arranged. 

From  an  artilleryman's  standpoint,  one  is  struck  with  the  similarity  of 
the  Gunnery  Problem  for  both  our  service  rifle  and  our  12-inch  seacoast  gun. 
The  book  deals  primarily  with  the  study  of  exterior  baUistics  as  applied 
to  a  high-powered  small  arms  rifle.  In  view  of  the  developing  of  indirect 
fire  for  machine  guns  during  the  present  war,  this  text  would  seem  to  be  a 
valuable  reference  book  for  the  Infantry  Machine  Gun  Officer.  For  the 
civilian  sportsman,  who  has  a  mathematical  frame  of  mind,  the  book  would 
prove  most  interesting.  It  would  give  him  a  good  practical  idea  of  the 
limits  of  his  rifle  for  either  field  or  range  shooting.  It  would  also  give  him 
an  idea  of  the  technical  requirements  of  our  Army  Officers  and  show  him  the 
Gunnery  Problems  they  encounter  in  their  daily  work. 

(341) 
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Recruit  Manual,    By  Col.   George  C.  Thorpe,  U.  S.  M.  C.      Philadelphia. 
J.  B.  Lippincott  Co.    4  J^"  x  6".  168  pp.   Price.  $1.00. 

An  excellent  resumd  of  the  contents  of  this  Manual  is  contained  in  the 
first  eight  lines  of  page  5  of  the  preface.    To  quote: 

"When  the  recruit  joins  the  Colors  he  finds  himself  admidst  surround- 
ings entirely  new  and  his  interest,  naturally,  is  at  high-water  mark.  He  is 
then  a  personified  interrogation  point.  That  is  the  psychological  moment 
to  seize  upon  his  interest  and  to  fix  a  spell  upon  him  that  will  keep  his  interest 
'going*.  The  Manual  provides  answers  to  things  he  will  wish  to  know  the 
first  day;  it  will  tell  him  how  to  do  things  military;  and  it  will  excite  further 
interest." 

The  principal  advantage  of  this  Manual  over  the  many  others  which 
have  been  written,  is  the  breezy,  attractive  beginning,  which  immediately 
absorb  the  recruits'  attention.  The  subject  matter  is  differently  treated 
from  that  of  other  manuals,  in  that  this  one  describes  the  many  phases  of 
the  soldier's  life  when  adapted  to  the  various  forms  of  modem  warfare 
as  conducted  by  our  forces  in  Europe. 

Mess  Management,    By  Lieut.  Col.  William  C.  Dunn,  F.  A.    Philadelphia 
J.  B.  Lippincott  Co.    4}4"x6".     111pp.     Price,  $1.00. 

This  book  is  an  excellent  guide  for  both  ofiicers  and  mess  sergeants  in 
the  handling  of  an  organization  mess.  It  treats  of  a  very  important  subject 
which  has  not  heretofore  been  presented  in  such  a  manner  as  to  be  interesting 
or  attractive  to  the  average  officer. 

The  title  of  the  book  is  well  chosen.  It  actually  treats  of  the  manage- 
ment of  a  mess  without  going  into  the  details  of  the  cook's  duties,  etc.  It 
discusses  in  a  logical  way  how  to  prepare  menus  so  as  to  give  variety;  how  to 
avoid  waste  in  buying  and  serving  food;  and  it  shows  how  the  diligent  appli- 
cation of  these  methods  will  result  in  the  proper  feeding  of  the  organization 
on  the  ration  allowance.  All  these  methods  are  illustrated  by  concrete 
examples  of  what  was  actually  done  by  organizations  serving  under  the 
immediate  observation  of  the  author. 

Koehler*s  West  Point  Manual  of  Disciplinary  Training, 

Secretary  Baker  testifies  to  the  amazing  rapidity  with  which  Colonel 
Koehler's  method,  formed  by  years  of  experience  at  West  Point,  developed 
young  men  of  every  part  of  the  country  into  military  officers  of  impressive 
physical  and  moral  adequacy.  Wherever  the  object  of  physical  training  in 
schools,  colleges,  and  other  institutions  is  disciplinary  and  educational  and 
not  purely  physical,  this  manual  is  easily  adaptable  and  will  prove  exceed- 
ingly valuable.  Individuals  will  find  its  directions  very  clear  and  most 
practical. 

Alsace-Lorraine  Under  German  Rule,     By  Charles  Downer  Hazen.      New 
York,  Henry  Holt  &  Company.     5Ji"  x  7Ji".    246  pp.     Price,  $1.25 

Professor  Hazen  says:  "The  present  age  ought  not  to  have  to  be  told 
the  elementary  truth  that  nothing  is  stable  which  is  unjust."  But  he  has 
delightfully  and  convincingly  retold  for  us  the  age-old  injustice  to  Alsace- 
Lorraine. 

To  a  public  that  quickly  forgets,  these  elementary  truths  must  be  told 
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again  and  again,  and  the  readableness  of  Professor  Hazen's  book  makes  it  a 
most  valuable  addition  to  the  library  of  the  average  reader,  as  well  as  to  that 
of  the  historian. 

Topographic  Stadia  Surveying,  C.  E.  Grunsky,  Eng.  D.,  Men.  Am.  Soc.  C. 
E.  New  York:  D.  Van  Nostrand  Company.  4 Ji"  x  7".  100  pp.  18 
U.    1917.    Cloth.    Price,  12.00. 

This  is  a  very  complete  text  on  the  use  of  the  stadia  in  topographic 
surveying,  giving  definitions,  theoretical  considerations  affecting  the  con- 
struction of  telescopes,  the  stadia  formula,  stadia  reduction  diagrams,  use 
of  the  slide-rule  in  stadia  reduction,  methods  of  stadia  surveying,  practical 
suggestions,  designs  of  stadia  rods,  samples  of  field  notes,  description  of 
the  platting  of  stadia  notes,  and  eight  tables.  In  a  pocket  is  a  stadia  reduc- 
tion diagram  designed  by  the  author. 

The  special  features  are  the  method  of  surveying  and  the  special  t3rpe  of 
diagram  furnished  for  the  reduction  of  stadia  work.  By  means  of  the 
diagram  the  use  of  stadia  reduction  tables  are  avoided  and  the  problem  is 
solved  graphically.  An  excellent  rod  design  is  given,  together  with  com- 
plete instructions  as  to  its  construction. 

The  book  is  of  convenient  pocket  size. 


INDEX 

to 
Current  Artillery  Literature 

Aero  Radio  Surveying  and  Mapping,  The. — Flying,  March,  1919,  p.  160. 
Automotive  Ordnance  Apparatus. — The  Journal  of  the  Society  of  Automotive 

Engineers,  March,  1919,  p.  181. 
Battleplane  Armament. — Scientific  American,  Jan.  25,  1919,  p.  74. 
British  Submarine  Boat  Building  During  the   War. — Engineering,  Feb.  28, 

1919.    p.  264. 
Concealment  in  Fieldworks. — The  Royal  Engineers*  Journal,  Feb.,  1919,  p.  47. 
Curved  or  "5**  Courses. — Scientific  American,  Jan.  25,  1919,  p.  72. 
Decoy  Ship  for  Submarines. — Scientific  American.  Jan.  25, 1919,  p.  77. 
Development  of  Aeroplanes  in  the  Great  War,  The. — Engineering,  Feb. -21, 

1919,  p.  246. 
Firing  Commands  by  Radio  Telephone. — Aerial  Age  Weekly,  March  3,  1919, 

p.  1267. 
Frances'  Role  in  the  War. — Scientific  American,  Feb.  15, 1919,  p.  138. 
Future  of  Permanent  Fortification,   The. — The  Royal  Engineers*  Journal, 

Feb..  1919.  p.  43. 
Future  of  the  Submarine,  The.— The  Engineer,  Feb.  21,  1919,  p.  179. 
Future  of  Wireless. — Popular  Mechanics,  March,  1919,  p.  353. 
German  Aircraft  for  Peace. — Scientific  American,  Jan.  25, 1919,  p.  69. 
How  Pictures  Were  Used  to  Win  Battles. — Popular  Mechanics,  March,  1919 

p.  338. 
Internal-Combustion  Marine  Engines.    Two-Cycle  and  Four-Cycle  Types 

Compared. — Scientific  American  Supplement,  March  1, 1919,  p.  140. 


j44  journal  u.  s.  artillery 

Lord  Jellicot's  Case.—Land  and  Water,  Feb.  20,  1919,  p.  14. 

Monitors  of  the  Present  War,  The.     A  type  of  the  fightintt  ship  that  was  proof 

against  torpedo  attack. — Sctenlific  American,  March  8,  1919,  p. 

227. 
Nauy  and  the  War,  The.— United  Seroice  Magazine,  Feb.,  1919,  p.  321. 
North  Sea  Mine  Barrage,  The.     Part  I.     Closine  the  North  Sea  with  a  wall 

of  mines,  230  miles  long  by  25  wide.     The  preparatory  work. 

Scienlifit  American,  March  15,  1919,  p.  250, 

Part  II.     Methods  of  operation  at  the  U.  S.  Minelaying  Squadron. 

Scientific  American,  March  22.  1919,  p.  288. 
Notes  on  the  Field  Emplacement  of  a  German  Large  Caliber  Gun. — Professional 

Memoirs,     Corps  of  Engineers,  Vol.  X,  No.  54. 
Notes  on  Trench  Warfare  in  France. — Journal  of  the  United  Sermce  Inslilution 

of  India,  Jan.,  1919,    p.  28. 
Old  and  New  Opinions  About  the  Value  of  Permanent  and  Forlified  Positions. — 

Professional  Memoirs.     Corps  of  Engineers.     Vol.  X,  No.  54. 
Paravane,  The. — A  steel  shark  which  protects  vessels  in  mine  infested  waters. 

Scientific  American,  Feb.  I.  1919.  p.  91. 
Principles  of  Camouflage,  The.     III.    The  Visibility  of  Aeroplaoes.     Scien- 
tific American,  Feb.  22,  1919,  p.  168. 
Protection  of  Vessels  from  Moored  Mines. — Engineering,  Fth.  14,  1919,  p.  216. 
Submarine  Silualion,  The.    The  Submarine  with  12-inch  Gun  a  fact — and 

some  other  facts. — Scientific  American,  March  I,  1919,  p.  198. 
Toipedo plane  of  Reality,  The.— Scientific  American,  Feb.  1,  1919,  p.  95. 
Visibilily  of  Airplanes. — Journal  of  the  Franklin  Institute,  March,  1919,  p 

289. 
What  is  a  Strategic  Frontiers—Land  and  Wafer.  Jan.  16.  1919.  p.  12. 
Wireless  "Aerials"  Under  Ground  and  Under  Water. — Popular  Mechanics, 

March,  1919,  p.  349. 
Wireless  Compass,   The.     Piloting  Ships   Into  Port  by  Radio. — Scientific 

American,  March  22,  1919,  p.  29!. 
Wireless  Telephony  Between  Airships  and  Ground  Stations. — Scientific  Ameri- 

con.  Feb.  1,  1919.  p.  95. 


.M)N25IS1J 

'"v.Qfmfi*'.'  (r^ 


J^     ^-->L     ■^-/  ■ 


June 
—1919— 


COAST  ARnueny  school  press 

fORT  MONROE,  VIReiNIA. 


JOURNAL  UNITED  STATES  ARTILLERY 

PRIZE  ESSAY  COMPETITION 


1919 

The  Journal  U.  S.  Artillery  announces  the  following  for  its  annual 
competition. 

PRIZES 

One  hundred  and  fifty  dollars  will  be  given  for  the  best  essay  and  one 
hundred  dollars  for  the  second  best  essay  submitted  on  any  Coast  or 
Heavy  Artillery  subjects. 

CONDITIONS  OF  THE  COMPETITION 

(a)  Competition  will  be  open  to  all  readers  of  the  Journal. 

(b)  Award  will  be  made  by  a  committee  of  award,  consisting  of  three 
persons,  to  be  nominated  by  the  Coast  Artillery  Training  Center  Staff.  If 
no  essay  submitted  seems  to  the  committee  worthy  of  a  prize,  none  will  be 
awarded.  Honorable  mention  may  be  made  of  any  essay  submitted  which 
seems  to  the  committee  worthy  thereof,  but  to  which  a  prize  is  not  awarded 

(c)  All  essays  entered  in  competition  will  become  the  property  of  the 
Journal  of  the  United  States  Artillery.  These  will  be  publbhed. 
if  approved  by  the  Coast  Artillery  Training  Center  Staff. 

(d)  Copy  must  be  typewritten,  with  lines  double  spaced,  on  one  side 
of  the  paper  only,  and  must  be  submitted  in  triplicate.  If  illustrations  are 
included,  one  of  the  three  copies  thereof  must  be  in  the  form  of  drawings 
tracings,  or  photographs  (not  blue-prints  nor  brown-prints). 

(e)  Copy  must  contain  nothing  to  indicate  its  authorship,  must  be 
signed  with  a  nom  de  plume,  and  must  be  accompanied  by  a  sealed  envelope 
containing  this  nom  de  plume  and  the  name  of  the  writer.  This  envelope 
will  remain  in  the  hands  of  the  Editor  of  the  Journal  and,  after  award  has 
been  made  by  the  Committee,  will  be  opened  in  the  presence  of  the  Coast 
Artillery  Training  Center  Staff. 

(f)  Copy  must  be  received  on,  or  before,  December  31,  1919.  It 
must  be  addressed  Journal  U.  S.  Artillery  and  the  envelope  must  bear 
the  notation,  "Essay  Competition." 


NOTICE 


The  Journal  U.  S.  Artillery  desires  to  receive  from  its  readers, 
titles  of  subjects  which  they  consider  would  be  of  interest  to  the  service. 


JOURNAL 


OF  THE 


UNITED  STATES  ARTILLERY 

Vol.  50,  No.  4.  JUNE,   1919  Whole  No.  154 


first  prise,  J588H^  Competition  of  19 18 
Railway  Artillery  for  Seacoast  Defense 

By  Lieutenant  Colonel  Fred  M.  Green,  Coast  Artillery 

"Surely  I  hold  that  the  best  way  is  to  keep  our  enemies  from  treading 
upon  our  ground:  wherein  if  we  fail,  then  must  we  seek  to  make  him  wish 
that  he  had  stayed  at  his  home.  But  .  .  .  the  encouragement  of  a  first 
victory  to  an  enemy,  and  the  discouragement  of  being  beaten,  to  the  invaded, 
may  draw  after  it  a  most  perilous  consequence."  Raleigh, 

INTRODUCTION 

During  the  last  few  years  there  has  been  a  gradually  grow- 
ing sentiment,  not  only  within  the  army  itself  but  also  in  the 
minds  of  many  civilians,  that  the  day  of  fixed  seacoast  de- 
fenses is  passing  and  that  future  defense  of  our  coast  will  be 
by  means  of  heavy  railroad  guns  and  howitzers  which  can  be 
massed  at  the  threatened  point  when  required.  It  must  be 
remembered  that  certain  fixed  defenses  will  always  continue 
to  exist,  either  for  covering  narrow  channels  by  fire  from  the 
most  favorable  sites,  or  for  the  protection  of  water-areas 
particularly  adapted  to  mine  defense,  or  for  the  protection  of 
our  most  vital  centers,  whose  defenses  must  never  be  with- 
drawn, no  matter  how  severe  the  crisis  at  some  other  part  of 
the  coast.  For  such  harbor  channels  as  are  bordered  by 
islands,  and  whose  approaches  can  be  effectively  commanded 
only  from  island  batteries,  the  use  of  fixed  defenses  is  also 
inevitable.  However,  there  can  be  no  doubt  that  in  any 
project  for  the  adequate  fortification  of  our  coasts,  the  addi- 
tions should  be  made  as  far  as  possible  in  the  form  of  mobile 
armament. 

The  purpose  of  this  article  is  to  inquire  into  the  require- 
ments of  such  armament,  to  forecast  as  nearly  as  may  be  the 
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circumstances  under  which  it  will  be  employed,  and  to  attempt 
a  slightly  more  defmite  statement  of  its  functions  than  has 
heretofore  been  presented.  The  discussion  of  the  strategy 
and  tactics  of  an  arm  of  unknown  potentialities  is  difficult, 
but  not  necessarily  unprofitable,  for  it  is  only  by  a  clear-cut 
conception  of  the  ends  to  be  attained  and  the  requirements 
to  be  satisfied  that  a  coherent  equipment  can  be  designed. 

Since  this  discussion  is  limited  to  the  employment  of 
railway  artillery  for  the  defense  of  our  coasts,  fire  upon  immo- 
bile targets  will  not  be  considered.  It  is  not  intended  to  imply 
that  such  fire  is  unimportant  in  connection  with  coast  defense; 
indeed,  it  is  evident  that  when  co-operating  with  a  large  body 
of  troops  in  repelling  an  invasion,  railway  guns  may  render 
service  of  the  utmost  value  by  fire  upon  docks,  roads,  rail- 
roads, railway  stations,  freight-yards,  storehouses  or  othei! 
elements  captured  by  an  enemy  and  important  to  his  further 
advance.  Again,  should  a  hostile  force  land  beyond  the 
range  of  the  guns  of  our  fixed  defenses  and  proceed  to  attack 
a  city  from  the  land  side,  thus  avoiding  its  seaward  defenses, 
the  value  of  railway  guns  of  large  caliber  in  defeating  his  siege 
operations  is  manifest.  In  fire  upon  stationary  targets, 
however,  there  will  be  used  the  methods  which  have  been 
developed  abroad  during  the  last  four  years.  No  problem 
peculiar  to  coast  defense  is  involved,  and  accordingly  such 
applications  do  not  lie  within  the  scope  of  this  article.  The 
discussion  will  be  confined  to  the  exigencies  of  fire  against 
moving  naval  targets,  and  will  emphasize  the  value  of  the  fire 
of  heavy  guns  in  preventing  the  main  body  of  the  enemy 
force  from  ever  gaining  foothold  upon  the  beach.  This  is 
believed  to  be  the  proper  function  of  coast  defense  railway 
armament  while  operating  as  such,  and  it  presents  many  new 
and  complicated  problems. 

So  evident  is  it  that  a  given  gun  confined  to  one  position 
only  is  inferior  in  value  to  a  gun  of  equal  power,  accuracy  and 
range,  but  which  is  capable  of  being  transferred  from  point 
to  point  as  military  needs  may  require,  that  there  has  been 
much  loose  discussion  and  looser  thinking  regarding  the 
possibilities  of  coast  defense  by  such  means.  So  striking  has 
been  the  use  of  heavy  mobile  artillery  abroad,  that  it  has  been 
easy  for  the  inflamed  imagination  to  arrive  at  grave  miscon- 
ceptions regarding  the  use  of  such  pieces  in  the  protection  to 
our  seaward  frontiers.  Seacoast  batteries  will  not  trundle 
merrily  along  the  shore,  pausing  from  time  to  time  to  exchange 
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shots  with  a  hostile  ship.  The  latter's  time  and  ammunition 
will  be  too  valuable  to  admit  of  participation  in  so  admirable 
a  test  of  the  technical  perfection  of  our  system,  and  a  willing- 
ness to  engage  in  such  an  action  would  evidently  be  a  confes- 
sion of  intent  to  decoy  our  railroad  armament  from  the  scene 
of  the  real  attack.  Equally  fallacious  is  the  expectation  that 
bombardment  of  undefended  coast  cities  by  raiding  vessels 
can  be  prevented  by  providing  railroad  guns.  Such  raids  will 
be  of  short  duration — an  hour  will  probably  suffice  to  attain 
the  ends  of  destruction  of  property  and  the  weakening  of 
morale,  which  are  generally  the  objects  in  view — and  the 
transportation  of  railroad  artillery  to  the  scene  and  its  prep- 
aration for  fire  within  so  short  a  time  is  hardly  within  the 
limits  of  possibility.  The  success  of  such  raids  can  be  pre- 
vented only  by  the  construction  of  well  equipped  permanent 
batteries  which  will  be  capable  of  opening  fire  with  but  a  few 
moment's  notice. 

Co-operation  with  Fixed  Defenses 

The  fortification  of  a  harbor  implies  its  value  to  the  nation, 
or  its  potential  value  to  the  enemy,  and  we  may  naturally 
expect  that  a  fleet  sent  to  capture  it  will  be  a  powerful  one. 
The  existing  defenses  will  find  that  they  are  opposing  a  con- 
centration of  force.  Not  only  are  they  attempting  to  combat 
the  naval  armament  of  1918  with  their  fire  from  the  guns  of 
1888,  but  they  are  numerically  outgunned  by  probably  at 
least  five  or  ten  to  one.  Under  such  conditions,  no  matter 
what  the  form  of  warfare,  the  best  remedy  is  to  bring  up  the 
reserves  and  meet  the  hostile  concentration  of  force  by  a 
similar  concentration  in  the  defense.  One  advantage  of 
mobility  in  seacoast  armament  is  thus  made  evident;  it  may 
prove  invaluable  for  reinforcing  fixed  harbor  defenses  hard 
pressed  by  a  superior  force.  Not  only  may  guns  be  brought 
from  adjacent  sections  of  the  shore-line,  but  further  help  may 
be  provided  from  a  general  reserve  consisting  of  guns  brought 
across  the  country  from  the  unthreatened  or  less-threatened 
coast.  It  is  good  strategy  and  good  economics  to  make  two 
guns  fire  where  but  one  fired  before. 

The  possibilities  of  this  system  are  so  attractive  that  it 
seems  a  pity  to  have  to  consider  its  limitations.  The  nature  of 
the  harbor  itself  may  limit  the  value  of  railway  armament: 
there  must  be  avenues  of  approach  for  the  railway  lines,  and 
there  must  be  favorable  positions  for  emplacing  the  pieces 


348  JOURNAL  U.  S.  ARTILLERY 

where  their  field  of  fire  will  embrace  the  channel.  The  num- 
ber of  our  seacoast  approaches  which  must  be  guarded  mainly 
or  entirely  from  islands,  or  whose  neighboring  peninsulas 
(if  any)  are  now  destitute  of  railroads,  must  be  borne  in  mind. 
Also,  it  must  be  remembered  that  even  though  the  shore 
defenses  succeed  in  keeping  off  the  attackers  until  we  can 
match  them  gun  for  gun,  our  advantage  is  not  yet  as  great  as 
might  appear.  Not  only  are  our  guns  of  much  less  range  and 
power  than  those  carried  by  any  modern  fleet,  but  also  a 
mobile  gun  of  any  considerable  size  will  have  a  slow  rate  of 
fire  both  because  of  the  shifting  of  its  supports  during  firing 
and  because  of  the  difficulty  of  supplying  its  ammunition. 
Its  total  vulnerabihty  including  both  personnel  and  materiel 
will  be  about  that  of  a  naval  gun,  and  its  foundation  but 
little  steadier.  Tradition  says  that  "a  gun  ashore  is  worth 
two  afloat."  This  was  doubtless  true  when  the  guns  were 
contemporaneous  and  the  former  solidly  emplaced,  but  so 
long  as  we  oppose  twentieth  century  fleets  with  nineteenth 
century  guns,  we  shall  be  excusible  if  we  prefer  to  try  to 
reverse  the  ratio. 

But  the  role  of  railway  armament  is  not  restricted  to  a 
mere  concentration  of  gun  power.  It  may  prove  invaluable 
for  the  correction  of  errors  in  the  location  of  permanent  works: 
e.  g.,  to  cover  water  areas  not  swept  by  existing  batteries  and 
from  which  the  works  may  be  taken  in  reverse,  or  to  eliminate 
other  dead  angles — especially  those  sectors  from  which  the 
city  which  was  to  be  protected  may  be  bombarded  by  indirect 
fire  from  the  enemy's  ships,  using  seaplane  observation.  It 
is  needless  to  protest  that  blunders  in  the  location  of  perma- 
nent works  are  inexcusable;  any  thoughtful  artilleryman  will 
admit  that  errors  have  been  made,  and  that  their  consequences 
survive.  Even  though  future  appropriations  may  allow  us 
to  correct  some  of  the  errors  of  twenty  years  ago,  a  resource- 
ful enemy  might  still  demonstrate  in  the  most  unpleasant 
fashion  the  existence  of  further  weak  points  in  our  armor. 
Such  a  situation,  arising  after  the  outbreak  of  war,  can  be 
met  only  by  providing  armament  which  is  mobile. 

It  is  further  conceivable  that  a  given  port,  the  fortification 
of  which  was  considered  unnecessary  in  time  of  peace,  may 
develop  an  unexpected  importance  in  time  of  war,  whether 
from  the  strategic  maneuvers  of  field  armies,  or  from  some 
portion  of  an  over-matched  fleet  having  taken  refuge  therein, 
or  from  some  other  unforeseen  cause.     In  such   cases,   an 
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unfortified  port  might  be  immediately  protected  by  the  em- 
placement of  railway  guns  along  its  harbor  approaches.  Such 
batteries,  however,  would  have  sacrificed  their  mobility,  and 
may  be  subsequently  regarded  as  immobile  armament. 

Operation  in  Unfortified  Areas 

We  have  previously  shown  that  permanent  forts  are  re- 
quired to  guard  any  seacoast  city  against  sudden  raids  or 
bombardments  made  for  the  destruction  of  property  or  for 
the  reduction  of  the  national  morale.  If  a  city  is  of  sufficient 
importance,  it  must  be  fortified;  if  it  is  not,  the  existence  of 
mobile  railway  guns  will  not  save  it.  In  the  case  of  unforti- 
fied sections  of  the  coast,  there  exist  four  other  principal  classes 
of  attack: 

(1)  Attack  upon  an  unfortified  city,  for  the  purpose  of 
occupying  it  as  a  base  for  the  disembarkation  and  supply  of  a 
great  army  of  invasion. 

(2)  Descent  upon  an  unfortified  port,  or  even  upon  an 
open  beach,  for  the  purpose  of  using  it  as  a  temporary 
base  for  the  disembarkation  and  supply  of  a  limited  force 
of  troops  whose  mission  is  to  capture  by  land-attack  some 
neighboring  seacoast  city  which  offers  better  facilities  for  an 
invading  army,  but  whose  permanent  seaward  defenses  are 
of  such  strength  as  to  render  direct  naval  attack  inadvisable. 

(3)  An  effort  to  simulate  either  of  the  preceding  operations, 
as  a  feint  attack  for  the  purpose  of  diverting  attention  from  a 
genuine  attack  upon  some  distant  part  of  the  coast. 

(4)  Attack  upon  an  unfortified  city,  for  the  purpose  of 
extorting  supplies,  tribute,  coal,  or  for  any  other  purpose 
involving  presence  of  the  hostile  ships  for  at  least  several 
hours. 

Attacks  of  the  first  class  are  rather  improbable;  in  general, 
ports  too  small  to  warrant  fixed  defenses  are  but  poorly  equip- 
ped with  channels,  anchorages,  wharves,  and  railroad  trans- 
portation to  meet  the  demands  of  an  invading  army  of  great 
size.  Attacks  of  the  second  class  seem  far  more  likely;  the 
occupation  of  Gardiner's  Bay  for  attack  upon  New  York, 
or  the  seizure  of  cities  like  Salem  or  Gloucester  for  attack 
upon  Boston,  may  be  cited  as  reasonable  instances.  This 
has  been  a  most  common  method  for  the  capture  of  fortified 
cities,  such  as  Alexandria,  Louisburg,  and  Sebastopol.  Attacks 
of  the  third  order  are  nearly  inevitable  if  any  invading  army 
is    once    dispatched.     By    simultaneous    demonstrations     at 
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several  widely-separated  points,  a  considerable  degree  of  con- 
fusion as  to  the  actual  landing  point  might  be  created ;  appeals 
for  help  from  the  city  actually  menaced  may  be  partially  or 
wholly  neutralized  by  equally  urgent  demands  from  other 
cities  at  some  remote  portion  of  the  coast.  The  fourth  class 
of  attacks  seems  the  least  probable;  the  contact  mine,  the 
seaplane,  and  the  coast  defense  submarine  make  entering  a 
hostile  harbor,  and  remaining  there  for  any  considerable 
period,  an  unattractive  prospect. 

In  reviewing  these  four  types  of  attack,  one  is  struck  by 
the  fact  that  so  long  as  our  navy  is  in  a  position  to  be  of  any 
material  assistance,  none  of  them  is  likely  to  occur.  The 
first  three  classes  are  inconceivable  until  the  enemy  has  at- 
tained at  least  a  temporary  mastery  of  the  sea;  the  fourth 
and  least  probable  class  of  attack  will  never  be  attempted  if 
any  considerable  naval  force  of  our  own  is  operating  in  the 
vicinity.  In  discussing  the  function  of  mobile  artillery  in 
any  of  these  cases,  we  must  then  presuppose  that  no  assistance 
can  be  expected  from  the  main  body  of  our  fleet. 

Such  being  the  case,  it  appears  that  too  much  reliance 
must  not  be  placed  upon  the  hope  of  early  and  defmite  intel- 
ligence of  the  enemy's  movements.  A  convoy  of  troops  will 
be  covered  by  a  screen  of  light  craft,  intent  upon  the  preven- 
tion of  its  discovery  by  our  scouts,  both  in  order  to  avoid  a 
concentration  of  submarines  in  its  path  and  to  avert  a  concen- 
tration of  troops  in  the  threatened  area.  The  pleasant  fiction 
of  extended  information  from  an  improvised  fleet  of  armed 
tugs  and  launches  may  as  weU  be  discarded — all  patrol  boats 
will  be  swept  clear  from  the  path  of  an  army  of  invasion  by 
their  destroyer  advance  guard.  Furthermore,  the  fleet's  pro- 
gress will  be  guarded  by  aircraft,  not  only  to  secure  it  against 
bombing  and  submarine  attack  but  also  to  prevent  detection 
of  its  movements  by  our  aerial  scouts.  The  notion  of  a  sea- 
going screen  of  aircraft  may  appear  extravagent,  but  in  view 
of  the  present  rate  of  aerial  progress,  and  considering  the  time 
which  must  elapse  before  the  completion  of  such  a  coast 
defense  system  as  is  now  being  discussed,  it  is  evident  that 
the  realization  of  this  feat  of  aerial  navagation  may  fairly  be 
considered.  Accordingly,  the  consoling  thought  that  we  will 
in  any  case  be  apprised  of  the  enemy's  movements  by  aerial 
reconnaissance  must  be  accepted  with  reservations.  Screen- 
ing a  convoy  from  our  aerial  scouts  will  be  far  more  diflScult 
than  the  prevention  of  observation  by  naval  craft,  owing  to 
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their  unlimited  space  for  maneuver  and  their  greatly  increased 
range  of  observation;  still,  our  scouts  will  be  confronted  by  a 
tremendous  aerial  concentration,  and  it  would  be  unwise  to 
depend  too  much  upon  them.  In  short,  it  is  when  our  navy 
and  air-service  have  both  been  driven  in  that  the  coast  artillery 
comes  into  its  own. 

Our  inference  from  the  foregoing  discussion  is  as  follows: 
when  the  need  for  mobile  coast  defense  guns  arises,  we  cannot 
look  to  either  the  navy  or  the  air  service  for  early  and  definite 
intelligence  of  the  enemy,  and  the  actual  appearance  of  ships 
off  our  coast  may  very  probably  be  the  first  positive  indication 
of  their  intentions.  Even  then,  the  exact  point  of  origin  of 
the  invasion  will  be  concealed  until  the  last  possible  moment. 
Reconnaissance  of  various  harbors  and  possibly  landings  at 
several  scattered  points  will  be  made,  in  order  to  mask  the 
true  point  of  attack  and  to  harass  the  defenders  and  lower 
their  morale  by  the  well-known  sequence  of  "order,  counter- 
order,  disorder." 

From  this,  we  see  that  emplacement  of  mobile  guns  before 
a  threatened  city,  otherwise  unfortified,  prior  to  the  arrival 
of  any  part  of  the  invading  army,  is  quite  improbable.  The 
landing  of  troops  at  an  undefended  port  will  consume  but 
little  time.  The  occupation  of  the  city,  the  establishment  of 
outposts,  the  disembarkation  of  a  considerable  additional 
mobile  force,  and  perhaps  the  seizure  or  interruption  of  ap- 
proaching lines  of  communication — all  these  are  but  reasonable 
manifestations  of  the  activities  of  an  aggressive  enemy.  How 
far  this  program  may  have  progressed  upon  the  arrival  of 
our  heavy  railroad  guns,  it  is  impossible  to  say,  but  it  seems 
reasonable  to  assume  as  typical  that  a  considerable  force  of 
infantry  troops  will  be  ashore  before  fire  can  be  opened  by  the 
heavy  artillery  of  the  defense.  From  this  time  on,  the  employ- 
ment of  coast  defense  armament  ceases  to  be  a  deliberate 
laboratory  exercise;  we  are  confronted  with  a  concrete  tactical 
problem. 

It  is  obvious  that  railway  guns  of  large  caliber  are  not  an 
appropriate  weapon  wherewith  to  attack  such  forces  as  have 
disembarked;  the  eventual  dislodgement  of  this  advance 
guard  will  prove  very  simple  if  they  can  but  be  separated  from 
their  main  body.  The  duty  of  the  most  immediate  importance 
is  the  prevention  of  the  further  reinforcement  of  the  troops 
already  landed.    The  importance  of  this  step  can  be  realized 
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only  after  considering  the  fact  that  the  main  body  of  the 
enemy  will  doubtless  outnumber  by  many  times  the  largest 
mobile  force  which  we  can  assemble  to  oppose  them  at  this 
period.  Consequently,  preventing  them  from  joining  the 
party  which  has  already  gained  the  beach  is  of  enormously 
greater  importance  than  is  the  fate  of  the  advance-guard 
itself.  It  is  in  view  of  this  principle  that  this  particular 
function  of  the  railway  artillery  is  so  strongly  emphasized; 
this  arm  enjoys  peculiar  advantages  which  cannot  be  realized 
by  any  other,  in  that  by  timely  arrival  upon  the  scene,  accom- 
panied by  but  a  small  escort  for  its  local  security,  it  may 
attack  the  invader  at  the  most  difficult  and  critical  point  of 
his  advance  and  so  defeat  the  mission  of  a  force  a  hundred 
times  its  own  numerical  strength.  The  success  of  this  maneu- 
ver will  depend  largely  upon  the  entry  into  action  of  the  rail- 
way armament  before  there  has  been  landed  a  force  capable 
of  overcoming  its  escort  and  silencing  the  pieces.  The  object 
of  the  artillery  fire  will  be  to: 

(1)  Destroy  such  transports  as  are  within  range,  which 
presumably  will  eliminate  the  personnel  on  board  them. 

(2)  By  the  threat  of  destruction,  to  keep  the  remaining 
transports  as  far  as  possible  from  the  shore,  thus  compelling 
the  transportation  of  troops  in  small  boats  for  the  greatest 
possible  distance;  this  not  only  will  retard  the  operation,  but 
will  expose  the  landing  parties  to  the  fire  of  available  field 
guns,  machine  guns  and  small  arms  over  the  longest  range 
and  for  the  greatest  period. 

(3)  To  prevent  naval  ships  from  sweeping  the  beach  and 
thus  supporting  the  advance  of  landing  parties  by  their  fire. 

It  is  believed  conservative  to  state  that  the  greatest  single 
opportunity  for  the  commander  of  a  seacoast  railway  battery 
is  a  chance  to  prevent  the  disembarkation  of  an  invading  force 
at  an  unfortified  port,  or  at  a  harbor  whose  fortifications  have 
been  reduced,  by  attack  upon  the  transports.  That  a  battery 
so  employed  will  be  attacked  not  only  by  the  gunfire  of  all 
armed  ships  within  range,  but  also  by  the  use  of  all  available 
troops  already  landed,  is  manifest. 

This  is  not  the  only  purpose  which  railway  guns  may 
serve.  They  may  prove  of  great  value  in  harassing  transports 
or  other  naval  ships  in  narrow  waters  such  as  Long  Island 
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Sound,  Delaware  Bay,  and  the  Chesapeake.*  If  the  outer 
defense  line  be  forced  and  the  permanent  works  silenced,  the 
passage  of  a  fleet  of  transports  may  be  delayed  or  even  entirely 
prevented  by  directing  upon  them  the  fire  of  mobile  guns  at 
extreme  range.  Similarly,  the  reconnaissance  of  harbors  may 
be  discouraged  through  the  use  of  railway  guns,  or  they  may 
be  employed  in  denying  the  enemy  the  use  of  an  anchorage. 

Special  Requirements  for  the  Armament 

Granting  that  we  have  as  yet  very  little  armament  designed 
for  this  service,  still  a  discussion  of  its  problems  appears 
timely;  the  design  and  construction  of  this  materiel  is  the 
function  of  the  Ordnance  Department,  but  to  enable  them  to 
supply  us  with  a  suitable  equipment  the  requirements  of  the 
artilleryman  must  be  clearly  set  forth. 

The  first  and  greatest  special  requirement  for  the  arma- 
ment for  coast  defense  service  is  that  the  pieces  should  be 
capable  of  a  rapid  and  fairly  wide  arc  of  traverse.  The  mount- 
ing of  rigid  carriages  upon  a  curved  epi,  or  the  provision  of  a 
very  few  degrees  of  traverse  only,  are  inadequate  to  allow  the 
weapon  to  be  effectively  used  against  moving  ships.  Further- 
more, a  reasonably  rapid  delivery  of  fire  must  be  assured,  for 
any  naval  target  is  potentially  a  fleeting  one.  Finally,  ease 
and  rapidity  of  emplacement  are  most  vital.  It  is  evident 
that  an  added  hour  spent  in  the  removal  of  the  piece  from  its 
travelling  position  and  the  completion  of  its  preparation  for 
fire,  may  mean  the  disembarkation  of  a  suflSciently  great 
number  of  troops  to  defeat  the  entire  mission  of  the  battery. 

Two  general  classes  of  carriages  have  been  projected: 
they  may  be  distinguished  as  (1)  those  involving  permanent 
foundations,  and  (2)  those  capable  of  emplacement  upon  any 
firm  and  level  ground  or  capable  of  fire  from  position  on  the 
track,  using  jacks  and  proper  reinforcing  when  required. 
Armament  of  the  first  class  offers  the  best  firing  platform  and 
the  greatest  possibilities  in  the  way  of  traversing.     Parapets 

*  The  importance  of  such  service  is  in  proportion  to  the  attraction  which 
estuaries,  bays,  and  inlets  offer  for  landing  an  army  of  invasion.  Its  trans- 
portation inland  by  water  is  rapid  and  convenient;  the  great  initial  penetra- 
tion attained  minimizes  the  time  available  for  raising  troops,  has  a  depressing 
effect  upon  the  national  morale  of  the  defender,  and  enables  an  attack  to  be 
launched  at  a  vital  point.  The  long  and  sheltered  coast  line  available  for 
landing  facilitates  putting  the  troops  ashore  and  enables  simultaneous 
landings  to  be  made  at  dinerent  points.  Finally,  if  strong  defending  forces 
are  found  on  one  side,  the  invader  may  at  will  cross  over  and  land  upon  the 
opposite  shore.  The  defender  cannot  guard  both  without  undue  dispersion, 
and  can  assemble  upon  either  only  with  the  gr  eatest  difficulty. 
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may  be  erected  before  these  platforms  in  time  of  peace,  and  ail 
necessary  preparations  may  be  made  for  the  position-finding 
service:  for  instance,  pedestals  may  be  erected  for  depression 
position-finders,  horizontal  base  lines  may  be  laid  out,  search- 
light positions  may  be  deliberately  selected,  datum  points 
triangulated,  communication  lines  established,  and  the  posi- 
tion in  every  way  prepared  for  defense.  For  positions  where 
the  emplacement  of  railroad  armament  is  most  probable, 
and  especially  were  armament  of  great  size  and  power  is  re- 
quired, the  use  of  permanent  foundations  offers  unquestionable 
advantages. 

This  system,  however,  involves  certain  very  objectionable 
features.  Artillery  dependent  upon  previously-prepared  and 
permanent  foundations  is  not  really  "mobile  artillery"  but 
"artillery  of  alternative  position."  Its  flexibility  is  greater 
than  that  of  ordinary  "artillery  of  position"  only  in  proportion 
to  the  number  of  emplacements  constructed.  The  use  of 
mobile  armament  is  principally  in  consequence  of  economic 
considerations;  but  for  the  question  of  expense,  fixed  defenses 
at  every  point  would  be  preferable  in  almost  every  respect. 
Recalling  the  prices  exacted  for  land  suitable  for  seacoast 
batteries,  and  remembering  the  ordinary  ratio  of  cost  of 
emplacement  to  cost  of  gun  and  carriage,  we  find  that  the 
saving  promised  by  making  our  pieces  and  carriages  mobile 
is  but  slight  if  elaborate  permanent  foundations  are  required. 
Again,  if  the  advantage  to  be  gained  from  the  ability  to  con- 
centrate a  large  number  of  guns  at  a  given  point  be  considered, 
we  see  another  great  limitation  of  this  system:  an  excessive 
number  of  emplacements  must  be  built  at  each  point  whose 
occupation  may  be  required.  Furthermore,  these  emplace- 
ments must  be  guarded  and  kept  in  repair  both  in  peace  and  in 
war.  Again,  the  abandonment  of  a  position  located  and 
brought  under  fire  by  the  enemy,  and  the  transfer  of  the  bat- 
tery to  a  new  position,  is  impracticable  owing  to  the  limited 
choice  of  positions  open  to  it.  Finally,  the  advantages  of 
surprise  and  secrecy  are  utterly  lost;  no  matter  how  simple 
the  emplacement,  knowledge  of  its  location  cannot  be  con- 
cealed from  hostile  agents,  and  its  position  or  approach-tracks 
may  be  attacked  effectively,  either  before  or  during  its  occu- 
pation by  the  artillery,  by  naval  gunfire,  by  landing  parties 
provided  with  demolition  equipment,  and  by  bomb-dropping 
aircraft.  Knowledge  of  where  seacoast  defense  armament 
must  be  emplaced  is  only  a  degree  less  valuable  to  the  enemy 
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than  knowledge  of  where  it  is  emplaced. 

For  many  reasons,  it  appears  that  the  use  of  permanent 
emplacements  is  to  be  avoided  whenever  possible.  We  are 
then  forced  to  consider  the  possibilities  of  armament  which 
can  be  fired  from  any  reasonable  position.  Among  the  princi- 
pal limitations  are  (1)  difficulty  and  slowness  of  emplacement; 
(2)  difficulty  of  maintaining  a  stable  foundation,  especially 
under  the  shock  of  firing;  and  (3)  the  restricted  arc  of  traverse 
usually  encountered  when  temporary  foundations  are  used. 
These  difficulties  may  be  expected  whether  the  piece  be  fired 
from  the  rails,  from  a  position  over  the  rails  (being  raised  by 
jacks),  or  from  a  platform  assembled  on  or  near  the  track. 
The  degree  of  limitation,  and  the  difficulty  to  be  expected  in 
overcoming  these  troubles,  will  increase  rapidly  with  the 
caliber  of  the  gun  used. 

The  range  and  power  of  the  armament  suitable  for  use  in 
railway  seacoast  defense  is  evidently  limited  by  the  difficulties 
of  its  emplacement.  We  must  have  the  most  powerful  weapon 
possible,  without  sacrifice  of  mobility,  stability  during  fire, 
and  flexibility  of  traverse.  At  the  present  state  of  develop- 
ment of  gun-carriage  design  it  seems  reasonable  to  believe 
that  a  10-inch  seacoast  gun  is  probably  the  most  powerful  di- 
rect-fire weapon  which  can  be  fired  from  the  tracks  by  the  use  of 
simple  and  rapidly-adjusted  supports,  and  at  the  same  time 
be  provided  with  a  traverse  of  about  60°  (30°  on  either  side  of 
the  center  line  of  the  track).  This  arc  of  traverse,  while  less 
than  that  of  a  permanently-mounted  seacoast  gun,  will  proba- 
bly prove  satisfactory:  first,  because  any  increase  in  this  arc 
will  greatly  complicate  the  carriage  design,  increase  its  weight, 
and  lessen  the  celerity  of  emplacement  due  to  the  precautions 
required  against  side-thrust;  and  second,  because  prudential 
considerations  will  demand  a  certain  withdrawal  from  the 
shore-line  to  prevent  the  railroad  pieces — doubtless  out- 
numbered twenty  to  one  by  naval  guns — from  being  smothered 
by  their  fire.  This  withdrawal  from  the  waterfront  (lessening 
the  angle  subtended  by  the  field  of  fire),  together  with  the 
possibility  of  emplacement  at  a  different  azimuth  by  selecting 
an  alternative  position  on  a  track  at  some  other  azimuth,  will 
probably  enable  the  piece  to  cover  the  widest  angles  of  fire 
required.  In  some  cases,  a  judicious  selection  of  a  site  will 
enable  a  piece  of  much  more  limited  traverse  to  cover  the 
entire  channel,  but  dependence  upon  this  principle  alone  should 
be  discouraged. 
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It  remains  to  be  seen  whether  our  present  10-inch  pieces 
are  capable  of  efTectual  emplacement  on  railroad  carriages 
provided  with  this  wide  arc  of  traverse.  There  appears  to  be 
no  valid  reason  to  doubt  the  possibility  of  such  an  engineering 
achievement,  and  the  large  number  of  pieces  of  this  caliber 
now  existing,  and  which  are  obsolete  for  the  attack  of  heavy 
modern  naval  vessels  but  of  ample  power  for  use  against 
transports,  serves  to  recommend  the  employment  of  guns  of 
this  size,  even  though  a  slight  reduction  in  charge  were  re- 
quired. There  can  be  no  doubt  that  the  muzzle  velocity 
should  not  be  lowered  below  2250  f.s.;  it  should  rather  be 
increased,  for  erosion  will  lose  most  of  its  terrors  for  us  when 
relining  is  rendered  as  simple  as  it  now  is  for  naval  guns  by 
reason  of  the  ease  of  transporting  them  to  an  arsenal.  Any 
saving  in  shock  should  be  effected  by  giving  the  piece  a  longer 
recoil  and  by  the  use  of  a  lighter  projectile,  such  as  the  Mark  II, 
510-lb.  shell,  of  which  there  should  now  be  a  considerable 
supply  on  hand.  Armor-piercing  ability  is  not  particularly 
required.  Long  range  for  mobile  seacoast  guns  is  more 
essential  than  for  guns  in  stationary  positions:  the  latter  are 
protected  by  their  parapets,  and  can  be  emplaced  in  close 
proximity  to  the  channel,  while  mobile  weapons  may  be  con- 
strained to  fire  upon  a  narrow  passage  at  extreme  ranges, 
for  the  sake  of  concealment  and  protection  from  naval  gun- 
fire, or  because  of  superiority  of  strength  of  the  landing  party 
to  the  mobile  army  escort,  or  because  the  railroad  at  the  point 

in  question  may  run  some  miles  from  the  shore  line,  or  perhaps 
by  reason  of  the  interruption  of  railroad  approaches  by  hostile 
demolition  parties  sent  out  by  rail  or  automobile  to  a  considera- 
ble distance  from  the  harbor  entrance.  The  piece  should  be 
so  arranged  as  to  admit  of  fire  up  to  angles  of  45*^,  and  a  **quick- 
loading"  gear  should  be  provided  for  depression  between 
rounds. 

Existing  patterns  of  6-inch  guns  appear  to  define  the  inferior 
limit  for  range  and  power  of  direct-fire  guns.  Such  weapons 
are  well  adapted  to  attacking  destroyers  and  light  gunboats 
steaming  close  inshore,  either  in  order  to  cover  a  landing  by 
their  fire  upon  mobile  troops,  or  to  assist  the  advance  of  a 
landing  party  along  the  beach  by  artillery  support.  Their 
light  recoil,  which  not  only  admits  of  prompt  emplacement 
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but  further  tends  toward  stability  and  hence  a  rapid  rate  of 
fire,  serves  to  recommend  them.* 

Howitzers  and  mortars  present  the  great  advantage  of 
rapidity  and  simplicity  of  emplacement,  owing  to  the  more 
nearly  vertical  thrust  of  their  recoil.  They  may  fire  from 
positions  where  they  are  perfectly  protected  from  naval  gun- 
fire. Even  at  short  range,  the  projectile  from  one  12-inch 
seacoast  mortar  has  sufficient  power  to  seriously  damage  the 
heaviest  armored  ship,  and  such  pieces  will  prove  an  invaluable 
addition  to  the  direct-fire  armament  above  indicated  when 
the  attack  of  armored  ships  is  required  to  prevent  them  from 
sweeping  the  shore  with  their  rapid-fire  armament,  whether 
to  cover  the  advance  of  further  landing  parties,  to  assist  as- 
saults by  troops  already  landed,  or  in  attempting  the  destruc- 
tion of  the  railroad  armament.  For  the  attack  of  transports 
(which  appears  really  the  normal  function  of  mobile  batteries 
when  removed  from  coast  defenses)  mortars  are  also  very  well 
adapted:  their  excessive  time  of  flight,  with  consequently 
reduced  accuracy  when  firing  on  a  swiftly-moving  target 
which  pursues  an  irregular  course,  is  of  small  disadvantage 
when  firing  on  transports,  owing  to  the  limitations  upon  the 
movements  of  this  class  of  target.  To  lower  and  man  boats 
a  transport  must  come  to  a  halt,  and  it  will  then  furnish  an 
ideal  target  for  vertical  fire.  Should  the  depth  of  water 
permit  the  transport  to  land  troops  directly  at  a  dock,  it  must 
approach  the  latter  by  entrance  through  a  channel.  Since 
this  harbor  was  assumed  to  be  without  permanent  forts,  it 
seems  fair  to  infer  that  its  channel  is  hardly  of  generous  dimen- 
sions, and  the  movement  of  an  ocean-going  steamer  through 
such  narrow  waters  will  not  exhibit  any  great  agility. 

An  armament  for  attacking  naval  targets  may  then  be 
suitably  confined  to  mortars  of  the  general  type  of  our  present 
12-inch  seacoast  pattern  (or  the  16-inch  railway  howitzer) 
and  to  direct-fire  guns  from  6  inches  to  10  inches  in  caliber. 
Future  increase  in  range  and  power  of  the  direct-fire  arma- 
ment is  desirable  but  not  at  the  expense  of  ease  of  emplace- 
ment or  width  of  the  arc  of  traverse.  It  is  possible  that  guns 
of  greater  power,  mounted  like  the  French  520  mm.  howitzer 
upon  a  32-wheeled  car  and  equipped  with  electric  motors  for 

*The  trunnions  have  been  removed  from  many  6-inch  guns,  Models 
1903  and  1905,  (formerly  emplaced  on  disappearing  carriages)  in  order  to 
place  them  on  wheel  mounts.  Model  1917.  The  remounting  of  these  guns 
upon  railway  cars,  rather  than  upon  fixed  pedestal  mounts,  is  urged. 
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traversing  upon  an  epi,  might  prove  of  value  in  some  cases. 
It  is  doubtful,  however,  if  sufficient  handiness  in  traversing 
could  be  provided  by  such  means,  for  the  use  of  some  cross- 
beams is  probably  inevitable.  In  any  event,  this  type  would 
require  a  good-sized  and  especially  strongly-built  epi,  thus 
restricting  such  a  weapon  to  the  class  previously  described  as 
"artillery  of  alternative  position,"  with  all  the  consequent 
disadvantages  of  this  character  of  armament. 

The  vital  need  for  rapidity  of  emplacement  has  already 
been  repeatedly  noted ;  in  view  of  the  speed  with  which  troops 
can  be  landed  if  their  disembarkation  is  unopposed,  it  is 
evident  that  every  minute  is  vital  if  the  escort  is  not  to  be 
overwhelmed  by  greatly  superior  numbers.*  How  rapidly 
pieces  of  the  indicated  types  can  be  emplaced  will  of  course 
depend  mainly  upon  the  perfection  of  the  design  of  their  car- 
riages and  this  can  profitably  be  estimated  only  by  those 
experienced  in  such  matters. 

Position-Finding  Service 

It  may  be  well  to  consider  briefly  the  limitations  in  the 
choice  of  the  seacoast  position-finding  service  consequent 
upon  this  necessity  for  haste  in  opening  fire.  The  long  hori- 
zontal-base system  will  generally  be  practicable  only  for 
previously-prepared  positions.  Even  then  the  probability 
of  its  use  is  materially  decreased  in  view  of  the  hypothesis 
that  some  enemy  troops  will  have  been  landed  prior  to  opening 
fire  by  the  heavy  armament,  for  the  susceptibility  of  this 
system  to  interruption  by  small  raiding  parties  is  well  known, 
and  the  extension  of  the  defensive  line  required  to  protect  its 
length  will  be  evident.  Circumstances,  however,  may  de- 
mand its  use,  especially  if  fire  against  ships  must  be  conducted 
at  great  ranges  or  by  night.  The  measurement  of  the  length 
of  this  base  will  have  to  be  very  rapidly  effected  by  triangulation 
from  a  taped  base, — say  300  yards  long.  Its  azimuth  may  be 
arbitrarily  assumed,  the  instruments  being  oriented  on  each 
other,  and  the  panoramic  sights  oriented  by  the  primary 
instrument.     The  secondary  party  may  be  sent  out  by  side- 

♦  The  French  Expedition  to  Algeria  in  1830  landed  41,000  men  in  two 
days:  the  men  were  landed  in  small  boats  in  a  fortified  bay,  and  the  disem- 
barkation was  weakly  contested.  Other  records  show  18,000  men  landed 
in  five  hours,  and  6000  men  in  twenty-three  minutes.  At  Aboukir  Bay, 
the  British  landed  5500  men  on  the  open  beach  in  broad  daylight  in  one  hour 
in  the  face  of  a  strongly  posted  and  forewarned  French  force  of  2000  men  of 
all  arms  who  were  supported  by  flanking  fire  from  a  fort.  At  the  Dardenelles, 
the  British  landed  34J50  men  in  one  day,  using  seven  separate  beaches. 
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car  and  a  buzzer  line  laid  for  communication.  The  use  of  radio 
telephone  sets  for  communication  between  the  secondary 
station  and  plotting  room  has  also  been  proved  feasible. 

Depression  position-finders  are  poorly  adapted  to  the 
service  of  mobile  armament,  both  because  of  the  necessity 
of  exact  mounting  upon  a  truly  vertical  pedestal  of  known 
height  above  mean  low  water,  and  because  of  the  impossibility 
of  adjusting  them  in  the  absence  of  datum  points. 

For  general  service,  a  wide  use  will  probably  have  to  be 
made  of  the  short  horizontal  base  or  coincidence  range-finder, 
of  the  pattern  not  dependent  for  adjustment  upon  datum 
points  of  known  range,  but  capable  of  infinity  adjustment  by 
day.  The  unsatisfactory  result  obtained  in  using  such  instru- 
ments except  in  broad  daylight  and  clear  atmosphere  is  too 
well  known  to  require  comment. 

The  foregoing  discussion  applies  only  to  those  cases  where 
railway  armament  is  emplaced  at  a  point  away  from  the  fixed 
defenses  of  a  harbor,  where  no  carefully  measured  base-lines 
exist.  When  it  is  utilized  in  connection  with  permanently 
emplaced  batteries,  upon  a  military  reservation,  the  problem 
is  greatly  simplified.  Under  these  conditions  its  position- 
finding  system  will  in  general  resemble  that  of  the  immobile 
batteries,  for  all  necessary  preparations  such  as  measuring 
base-lines,  erecting  pedestals  and  datum-points,  and  laying 
communication  lines,  can  be  made  in  times  of  peace.  It  may 
be  noted,  however,  that  in  view  of  the  potential  concentration 
of  a  large  number  of  guns  at  a  single  harbor,  a  grouping  of 
guns  into  large  units  may  prove  advisable  in  the  interests  of 
simplicity.  For  instance,  time,  labor,  and  material  may  be 
saved  and  simplicity  favored  by  providing  but  a  single  base- 
line for  eight  or  ten  10-inch  guns.  Against  modem  naval 
ships,  a  less  number  upon  a  single  target  would  probably 
prove  so  ineffective  as  not  to  justify  the  expenditure  of  ammuni- 
tion, so  that  the  eflTiciency  of  the  pieces  does  not  seem  to  be 
diminished  by  such  an  arrangement.  In  its  favor,  it  may  be 
noted  that  a  single  plotting  board  will  serve  to  track  the 
target  (without  prediction),  and  after  each  bell  the  range 
and  azimuth  of  the  target  from  some  reference  point  may  be 
sent  to  each  sub-group  (or  to  each  single  gun  if  necessary) 
for  prediction  (according  to  the  range  from  that  gun  to  the 
target)  and  for  the  application  of  the  proper  velocity  correc- 
tion (according  to  the  variety  of  powder  lots  in  use)  and  for 
the  proper  tide  correction  (according  to  the  height  of  site  of 
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each  particular  gun  or  sub-group).  The  tracking  conducted 
by  each  gun  or  sub-group  would  then  be  performed  exactly 
as  in  the  present  vertical  base  system — the  primary  arm  being 
set  to  the  announced  range  and  azimuth,  prediction  then  made, 
and  the  range  and  azimuth  of  the  set-forward  point  being 
determined  from  a  gun  arm.  It  will  be  observed  that  under 
this  system  the  changing  of  base-lines  is  greatly  simplified  in 
the  event  of  a  base-end  being  neutralized  by  a  smoke  barrage, 
or  rendered  untenable  by  gas  shell,  or  destroyed  by  hostile  fire, 
or  in  case  the  target  moves  without  the  effective  sector  for  a 
particular  base;  only  one  board  need  be  substituted,  no  matter 
how  many  guns  are  in  use.  Uniformity  of  calibers  or  velocities 
is  in  no  way  involved,  for  the  reason  that  the  master  board  is 
concerned  only  with  plotted  points,  leaving  to  each  sub-group 
or  gun  the  necessary  prediction.  Finally,  the  selection  of 
the  reference  point  is  a  matter  of  indifference,  for  its  use  is 
only  for  a  graphic  transfer  in  relocation,  and  the  total  destruc- 
tion of  this  point  will  be  without  effect  upon  its  use  in  position- 
finding. 

Panoramic  sights  should  be  provided  for  all  guns,  for 
direct  aiming  will  be  exceptional.  Considering  the  enormous 
discrepancy  between  the  volume  of  fire  of  a  fleet  of  naval 
ships  with  destroyers,  and  that  of  a  couple  of  two-gun  bat- 
teries, we  see  that  to  exist  long  enough  to  fulfil  their  function 
the  batteries  must  take  cover  as  completely  as  possible  and 
fire  by  Case  III.  Normally,  the  directing  piece  and  primary 
station  may  be  made  intervisible ;  if  not,  orientation  must  be 
accomphshed  through  **carrying  an  azimuth"  by  a  transit. 
The  use  of  aiming  stakes  to  avoid  interference  by  camouflage 
seems  probable,  as  they  appear  handier  to  use  than  an  aiming- 
rule  in  the  case  of  moving  targets.  The  use  of  a  panoramic 
sight  appears  preferable  to  any  attempt  to  use  an  azimuth 
circle  for  indirect  fire,  owing  to  the  possibility  of  the  shifting 
of  the  platform  from  recoil.  The  sight  should  have  two  inde- 
pendent horizontal  motions:  a  limb  to  be  set  during  orienta- 
tion from  the  nearer  base-end,  and  a  graduated  circle  for 
laying  off  the  corrected  azimuths.  Simplicity  in  the  fire- 
direction  system  would  also  be  favored  by  the  provision  of  a 
third  scale  of  limited  arc,  for  setting  deflection  when  Case  II 
fire  was  possible. 

Elevation  will  naturally  be  by  quadrant,  using  an  arc 
graduated  in  ranges  as  is  common  for  light  artillery.  Corrected 
ranges  will  be  sent  from  the  plotting  car.     Since  the  height  of 
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site  will  vary  for  each  new  position,  it  would  seem  advisable 
to  graduate  the  range  scale  for  an  assumed  height  of  trunnions — 
say,  40  feet  for  the  Atlantic  Coast — and  to  compensate  for 
estimated  or  measured  departures  froip  this  standard  condi- 
tion by  an  extension  of  the  tide-curves  on  the  range-correction 
board. 

Transportation 

Plotting  cars,  radio  cars,  searchlight  cars,  and  machine- 
shop  cars,  as  outlined  by  Colonel  Wildrick,  (J.U.S.A.,  Vol.  47, 
p.  129)  are  essential.  It  is  suggested  that  the  plotting  car 
contain  the  battery  commander's  office,  and  that  a  separate 
car  be  provided  for  the  coincidence  range-finder,  for  the  plot- 
ting room  should  be  placed  under  cover,  but  the  range-finder 
must  be  in  the  open.  It  will  be  advantageous  to  so 
arrange  the  power-plant  of  the  searchlight  car  that  this 
can  be  capable  of  motion  (say  at  6  or  8  m.p.h.)  without  the 
service  of  a  locomotive,  not  only  for  the  reason  given  by  Colonel 
Wildrick,  but  also  because  there  is  naturally  going  to  be  a 
great  deal  of  track  congestion  where  even  a  single  battery  is 
being  emplaced. 

The  amount  of  railroad  construction  equipment  and 
material  to  be  carried  cannot  be  predicted.  It  will  vary 
widely  with  the  condition  of  road-bed  in  the  allotted  sector, 
as  well  as  with  the  type  of  carriage  employed.  In  any  event, 
the  delivery  of  fire  from  the  tracks  of  a  main  railroad  will 
be  very  exceptional;  to  obstruct  both  tracks  of  a  double- 
tracked  coast  railway  would  be  to  hamper  the  concentration 
of  defensive  troops  to  a  prohibitive  degree.  To  what  extent 
existing  sidings,  spur  tracks,  or  branch  lines  running  from  the 
main  traffic  route  can  be  used  for  the  delivery  of  fire,  or  as  a 
means  of  conveying  the  pieces  to  a  suitable  location  for  a 
firing  platform,  is  one  of  the  many  practical  railroad  problems 
for  which  no  theoretical  solution  is  of  value.  The  evolution 
of  the  materiel  of  this  system  demands  the  co-operation  of 
experienced  railroad  men  and  gun  carriage  designers;  the 
artilleryman  should  confine  himself  to  his  proper  rdle  of  stating 
the  requirements  to  be  met. 

On  one  point,  however,  an  opinion  may  be  ventured:  in 
addition  to  regular  troops,  the  services  of  professional  railway 
men  must  be  instantly  available  upon  the  outbreak  of  war. 
No  artillery  officer  can  expect  to  master  all  phases  of  railway 
work  in  addition  to  his  other  military  duties,  nor  can  troops  be 
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SO  well  instructed  in  train-operation,  track-construction,  and 
other  similar  work  as  to  duplicate  the  rapid  and  resourceful 
performances  of  men  habituated  to  this  work  through  years 
of  constant  experience.  The  employment  of  artillerymen  as 
amateur  railroad  men  promises  no  greater  efficiency  than  the 
use  of  railroad  hands  as  amateur  artillerymen.  Moreover, 
a  gun-crew  cannot  be  expected  to  serve  their  piece  with  full 
efficiency  immediately  after  hours  of  intense  labor  in  laying 
track.  The  solution  of  this  problem  of  personnel  must  de- 
pend upon  pending  legislation.  If  compulsory  military  train- 
ing be  established,  railroad  engineers,  firemen,  conductors, 
wreck-masters,  section-hands,  etc.,  should  be  assigned  to 
work  of  this  nature.  If  not,  an  Enlisted  Reserve  Corps  unit 
of  such  men  should  be  organized,  especially  from  the  person- 
nel of  non-strategic  lines.  In  any  event  Reserve  Corps  com- 
missions should  be  issued  to  such  railway  officials  as  will  be 
in  charge  of  the  operation  of  the  coastal  railways  in  time  of 
war,  and  to  others  selected  for  duty  upon  the  staffs  of  artillery 
commanders. 

Tactics  of  Local  Defense 

One  of  the  most  common  axioms  of  textbooks  is  that  artil- 
lery cannot  operate  independently — that  without  the  support 
of  infantry,  it  is  helpless.  This  truth  is  fully  appreciated  by 
the  field  artillery,  but  coast  artillerymen  have  been  forced  to 
the  presumption  that  divine  aid  must  be  invoked  to  cover 
their  rear.  Concentration  upon  technical  refinement  has 
overshadowed  a  just  appreciation  of  the  eternal  tactical  princi- 
ples. For  railroad  artillery  any  neglect  of  local  security  will 
be  more  obviously  fatal  than  in  the  case  of  fixed  batteries,  for 
the  mission  of  the  mobile  guns  requires  them  to  approach  a 
spot  where  a  considerable  -body  of  hostile  troops  may  be 
assumed  to  have  already  landed.  High  water  mark  will  not 
prove  a  barrier  to  the  operations  of  an  invading  force,  and 
hence  the  study  of  the  type  of  escort  to  be  provided  is  forced 
upon  us;  its  size  will  naturally  be  determined  by  military 
exigencies,  according  to  the  principle  attributed  to  General 
Forrest:    "Git  there  fustest  with  the  mostest  men." 

The  landing  of  any  considerable  amount  of  field  artillery 
at  the  start  of  disembarkation  is  improbable,  and  though 
a  few  landing  guns  may  be  put  ashore,  the  bulk  of  the  opposing 
troops  will  naturally  be  armed  as  infantry.  For  the  local 
defense  of  the  pieces  and  their  auxiliaries,  the  proportional 
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use  of  field-guns  and  machine-guns  should  be  high.  The 
former  will  be  most  serviceable  in  keeping  the  hostile  forces 
beyond  effective  small-arm  range;  the  latter  give  the  greatest 
volume  of  fire  for  a  given  number  of  troops  to  be  transported, 
and  are  also  effective  at  extreme  infantry  ranges.  To  allow 
the  approach  of  invading  troops  to  a  point  where  effective 
small-arms  fire  can  be  maintained  upon  the  heavy  armament 
spells  total  failure.  Accordingly,  the  service  of  security  and 
information  must  have  all  possible  mobility,  and  a  wide  use 
of  motorcycles  and  motorcycle  machine-guns  is  proposed, 
since  these  furnish  the  maximum  return  per  unit  of  car  space 
required  for  their  transportation. 

It  may  further  be  suggested  that  the  escort  has  not  only 
to  protect  the  vicinity  of  the  battery,  but  may  also  have  to 
contain  such  forces  as  have  been  landed  and  to  deal  with  such 
small  boats  as  persevere  in  attempts  to  reach  the  shore.  It 
is  not  intended  to  imply  that  coast  artillery  troops  will  pre- 
dominate numerically  in  a  properly  balanced  organization  for 
this  service,  but  it  appears  evident  that  the  combination  of 
heavy  guns  with  a  mobile  escort  can  attain  ends  which  could 
not  be  realized  by  a  force  many  times  as  great  but  not  equip- 
ped with  long  range  artillery.  The  history  of  landings  shows 
that  the  success  or  failure  of  attempts  to  disembark  under 
fire  has  often  been  determined  by  the  closeness  with  which  the 
transports  could  approach  the  land.  (The  beaching  of  the 
"River  Clyde"  at  the  Dardanelles  illustrates  an  extreme 
measure  taken  to  avoid  the  exposure  of  a  landing  force  to 
hostile  fire  while  in  open  boats.)  With  the  increase  range 
and  accuracy  of  small-arms,  and  in  view  of  the  especially 
deadly  fire  of  machine-guns  when  firing  over  water  where 
spotting  is  easy,  this  is  more  than  ever  true.  Meantime,  the 
ranges  of  heavy  artillery  have  increased  to  the  point  where 
transfer  of  troops  into  small  boats  may  be  required  at  enor- 
mous distances  from  shore,  thus  giving  the  defender  every 
opportunity  for  the  effective  use  of  fire  in  protecting  the  beach. 

The  three-dimension  character  of  modern  warfare  must 
not  be  disregarded.  Anti-aircraft  armament,  mounted  on 
flat-cars,  must  be  a  component  part  of  each  battery,  together 
with  the  additional  personnel  required  for  their  service.  The 
time  has  come  to  abandon  the  cheering  conception  that  naval 
attacks,  infantry  attacks,  and  airplane  attacks  are  separate 
phenomena  which  will  occur  successively  at  distinct  periods, 
just  as  infantry  and  artillery  training  are  allotted  to  different 
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seasons  of  the  year.  The  most  obtuse  enemy  will  appreciate 
that  these  attacks  must  be  synchronized,  and  will  proceed 
accordingly. 

Conclusions 

1.  Railroad  armament  can  never  entirely  replace  fixed 
batteries. 

2.  In  the  defense  of  an  already  fortified  harbor,  railway 
guns  may  furnish  an  invaluable  reinforcement  to  the  immobile 
armament. 

3.  In  certain  cases,  railway  guns  may  be  immobilized 
for  the  temporary  protection  of  a  harbor  not  regularly  forti- 
fied, but  whose  strategic  importance  has  been  increased  by 
unforeseen  causes. 

4.  Due  to  their  mobihty,  they  furnish  a  shifting  defense 
for  the  shores  of  narrow  waters,  and  may  harass  an  enemy 
attempting  to  operate  therein. 

5.  The  most  vital  function  of  railway  artillery  appears  to 
be  the  attack  of  transports  in  the  prevention  of  invasion. 
Troops  in  transports  can  be  destroyed  with  a  facility  which 
cannot  be  approached  under  any  other  conditions. 

6.  In  the  performance  of  the  latter  duty,  the  guns  must  be 
accompanied  by  an  adequate  escort  of  mobile  troops,  both 
for  the  protection  of  the  pieces  from  such  forces  as  may  have 
landed  prior  to  their  arrival,  and  for  the  attack  of  personnel 
landing  in  small  boats.  Independent  operation  is  inconceiv- 
able, but  no  more  so  than  is  the  operation  of  a  mobile  force 
unaccompanied  by  artillery  of  great  power  and  long  range. 

7.  Since  their  most  important  targets  are  unarmored, 
existing  guns  from  six  to  ten  inches  in  caliber  may  profitably 
be  utilized.  Future  increases  in  range  and  power  are  de- 
sirable, but  not  at  the  expense  of  the  handiness  of  the 
mount.  The  provision  of  howitzers  and  mortars  is  strongly 
to  be  recommended. 

8.  It  will  often  be  advisable  to  resist  firing  upon  tempting 
naval  targets  until  the  transports  are  within  range.  The 
commander  of  railroad  guns  must  not  allow  himself  to  be 
enticed  into  an  artillery  duel  with  the  naval  escort.  The 
latter  may  always  disengage  by  steaming  out  to  sea  after 
effecting  such  a  diversion  to  prevent  interference  with  an 
important  landing  elsewhere. 

9.  Since  timely  entrance  of  the  first  battery  into  action 
is  of  paramount  importance,  a  certain  strategical  dispersion 
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of  railway  armament  is  admissible,  if  by  this  means  the  opening 
of  fire  by  a  single  battery  may  be  materially  expedited.  Rapid- 
ity in  transportation  of  the  pieces  to  the  scene  of  the  landing, 
and  smartness  in  their  emplacement  and  preparation  for  fire, 
cannot  too  often  be  mentioned. 

10.  In  entrance  into  action,  a  battery  must  unhesitatingly 
be  pushed  forward  to  a  point  where  it  can  execute  its  mission; 
the  ends  to  be  gained  are  so  great  as  to  amply  justify  the  risk 
of  losing  a  few  guns.  Furthermore,  a  battery  once  in  action 
must  be  sacrificed  without  hesitation  if  by  so  doing  the  land- 
ing of  troops  can  be  delayed  to  the  uttermost.  But  since  rail- 
road batteries  will  normally  find  themselves  opposed  by  an 
enormously  superior  volume  of  fire  from  the  ships,  they  must 
as  far  as  possible  adopt  the  tactics  of  the  franc-tireur,  firing  . 
from  cover  and  avoiding  a  downright  engagement  with  over- 
whelming forces. 

11.  The  railroad  approaches  to  the  point  of  attack  are  as 
vital  to  the  defense  as  is  the  Une  of  communication  to  an 
invading  army,  and  must  be  organized  and  protected  with 
equal  care.  Their  security  is  a  problem  in  which  all  arms  of 
the  service  are  deeply  concerned,  but  since  this  matter  is  so 
intimately  involved  in  any  railway  artillery  project,  we  must 
devote  especial  thought  to  its  solution.  It  is  not  the  least  of 
the  problems  which  confront  us. 


Coast  Defenses  Constructed  by  the  Germans 

on  the  Belgian  Coast 
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INTRODUCTION   AND   PART   I 


Introduction 


The  study  of  the  German  fortifications  on  the  Belgian 
coast  was  undertaken  for  the  purpose  of  obtaining  technical 
information  concerning  a  system  of  coast  defense  that  had 
for  over  four  years  withstood  many  attacks  of  strong  Allied 
naval  forces.  The  purpose  of  this  report  is  to  describe  and 
enumerate  matters  of  interest  to  the  Coast  Artilleryman,  but 
without  any  attempt  to  enter  deeply  into  the  subjects  of  histori- 
cal development  and  tactical  organization. 

The  German  coast-batteries  in  Belgium  were  originally 
planned  with  a  view  to  providing  with  the  least  delay  an 
effective  local  harbor  defense,  and  to  this  end  the  first  elements 
were  installed  in  the  vicinity  of  Ostende  and  Zeebrugge,  both 
of  which  were  important  submarine  bases.  These  defenses 
were  gradually  enlarged  until  they  became  sufficiently  formida- 
ble, by  virtue  of  their  power  and  extensiveness,  to  be  classed 
in  the  category  of  a  complete  coast  defense  inasmuch  as  they 
actually  protected  the  entire  Belgian  coast  from  Nieuport  to 
the  southern  border  of  Holland.  This  is  evidenced  by  the 
fact  that  the  repeated  naval  attacks  were  successfully  repulsed 
from  1915,  the  date  which  marks  the  completion  of  the  first 
important  German  battery,  until  the  time  when  the  Germans 
evacuated  the  Belgian  coast  in  October  1918,  as  a  result  of 
pressure  from  the  land  side  rather  than  from  the  sea. 

It  is  deemed  advisable  to  bring  special  attention  to  certain 
conditions  which  existed  along  the  entire  coast  at  the  time  the 
data  for  this  report  was  collected;  this,  in  order  to  explain 
why  certain  matters  are  not  described  in  greater  detail  and 

(366) 


COAST  DEFENSES  ON  THE  BELGIAN  COAST        367 

• 

why  the  necessity  for  expressing  an  opinion  rather  than  stating 
a  fact  occasionally  arises. 

In  the  first  place,  all  batteries  abandoned  by  the  Germans 
were  almost  completely  wrecked  by  them  before  departure. 
There  was  only  one  gun  and  emplacement  which  were  nearly 
intact.  Secondly,  all  gun  equipment,  fire  control  mat6riel 
and  such  other  articles  as  would  serve  to  indicate  the  details 
of  operation  were  removed  or  destroyed. 

Under  such  conditions  it  was  impossible  to  determine  with 
accuracy  all  the  details  of  tactical  organization  and  the  system 
of  fire  control  and  direction. 

It  has  therefore  been  necessary  to  base  conclusions  upon 
what  evidence  remained  and  every  effort  has  been  made  to 
make  logical  deductions  therefrom.  Unfortunately,  some 
details  are  necessarily  lacking,  but  the  major  portion  of  the 
following  report  represents  the  actual  facts  and  the  remainder, 
what  can  safely  be  classed  as  reliable  and  the  best  obtainable 
information. 

PART  I 

Grouping  and  Composition 

The  installation  of  batteries  by  the  Germans  on  the  coast 
of  Belgium  began  shortly  after  that  country  was  invaded  and 
continued  up  to  the  time  the  Germans  were  compelled  to 
evacuate  in  October  1918. 

The  numerous  coast  batteries  cover  a  front  which  extends 
from  Middelkerke  to  a  point  within  a  short  distance  of  the 
Holland  border,  a  front  of  about  25  miles.  The  dispositions 
are  such  that  the  batteries  naturally  arrange  themselves  into 
two  distinct  groupings,  one  centered  about  Ostende  on  the 
south  and  the  other  about  Zeebrugge  on  the  north. 

Ostende  Grouping 
The  Ostende  grouping  was  contained  in  the  front  Middel- 
kerke to  Wenduyne  and  consisted  of  the  following  principal 
batteries.    The  exact  location  is  shown  in  Appendix  I. 

♦  Deutchland 4 — 38  cm.  guns  (Named  Battery  Jacobines- 

sen  by  the  Allies). 
Hindenburg 4 — ^28  cm.  guns 

*  Hannover 4 — 28  cm.  guns     (Doubtful    as    to    which 

group  this  Battery  be- 
longed.) 

*Batteries  Deutchland  and  Hannover  can  effectively  reinforce  the  Zeebrugge 
grouping. 
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Tirpitz 4 — ^28  cm.  guns 

Preussen 4 — ^28  cm.  guns  (Named  Battery  Turkijen 

by  the  Allies). 

Oldenburg 4 — 17  cm.  guns 

Schlesien 4 — 17  cm.  guns 

Antwerpen (The  guns  of  this  battery 

were  removed  and  prob- 
ably mounted  near  the 
Palace  Hotel;  for  want 
of  something  better  the 
new  and  un-named  bat- 
tery will  be  referred  to 
as  the  Palace  Hotel  Bat- 
tery). 


At**m   4'frr.m- 


^<in   *'9»  e'M- 


tfttfftrMf  4-mtm  MJ 
4-*t€.m  »fSmi 
4-Mfm4mt 
4'S»em 


0-*0€m  nyt^tt 


em  4mt* 


/-MO* 


APPCNOfX   I 


Appendix  1 

Palace  Hotel 4 — 17   cm.  Guns. 

Petite  Irene 4 — 15    cm.  guns 

Irene 4 — 15    cm.  guns 

Aachen 4 — 15    cm.  guns 

Beseler 4 — 15    cm.  guns 

Cecilie 4 — 15    cm.  guns 

Hylan 4 — 8.8  cm.  guns 

Friedrich 4 — 8 . 8  cm.  guns 

Grossherzog 4 — 8.8  cm.  A.A.  guns. 
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In  addition  there  were  many  small  un-named  batteries  for  anti- 
aircraft and  land  defense. 

The  above  list  of  batteries  represents  an  armament  of 

4 — 38  cm.  guns 
16 — 28  cm.  guns 
12 — 17  cm.  guns 
20 — 15  cm.  guns 
12 — 8 . 8  cm.  guns. 

Some  of  the  principal  batteries  listed  above  will  be  described 
in  Part  II. 

Zeebrugge  Grouping 

The  Zeebrugge  grouping  was  contained  in  the  front  Wen- 
duyne  to  the  Holland  border  and  consisted  of  the  following 
principal  batteries.  Their  exact  location  is  shown  in  Appen- 
dix I. 

Name 

Kaiser  Wilhelm  II_-_4 — 305  mm.  guns 

Hertha 4 —  21  cm.  guns 

Groden 4 —  28  cm.  mortars 

Goeben 4 —  17  cm.  guns 

Kaiserin 4 —  15  cm.  guns 

Augusta 4 —  15  cm.  guns 

Hamburg 4 —  15  cm.  guns 

Mittel 4 — 105  mm.  guns 

Bremen 4 —  90  mm.  guns 

Hafen 4 —  90  nmi.  guns 

Kanal 4 — 8 . 8  cm.  guns 

Freya 4 — 8 . 8  cm.  guns 

Bootskenonen 4 — 8.8  cm.  A. A.  guns 

Zeppelin 4 — 8 . 8  cm.  A. A.  guns 

Brunhilde.  .A. A Caliber  unknown 

Hessen A. A Caliber  unknown 

Sachsen A. A Caliber  unknown. 

In  addition  there  were  many  un-named  batteries  for  anti- 
aircraft and  land  defense,  and  Battery  Het  Zoute  under  con- 
struction, February  1918,  thought  to  be  a  28-cm.  R.R.  gun 
battery,  not  verified. 
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The  above  list  of  batteries  represents  an  armament  of: 

4 — 305  mm.  guns 
4 —  28  cm.  mortars 
4 —  21  cm.  guns 
4 —  17  cm.  guns 
12 —  15  cm.  guns 
4 — 105  mm.  guns 
8 —  90  mm.  guns 
16 — 8.8  cm.  guns. 
Some  of  the  principal  batteries  listed  above  will  be  de- 
scribed in  Part  II. 

Tactical  Organization 

The  tactical  organization  of  the  fortifications  of  the  Belgian 
coast  must  necessarily  be  deduced  from  the  names  of  stations 
located  on  a  captured  German  map,  inasmuch  as  nothing 
remained  on  the  ground  to  indicate  the  chain  of  command. 
It  is  apparent,  however,  that  the  control  of  the  entire  coast 
defense  system  rested  in  a  single  individual,  i.e.,  the  Artillery 
Commander  of  the  North  Sea,  whose  P.C.  was  located  in 
Ostende  near  the  Mole.  From  this  point  radiated  the  lines  of 
communication  to  the  subordinate  commanders  of  the  group- 
ing, divisions  as  follows: 

The  Ostende  grouping  was  divided  into  two  commands,  a 
North  and  a  South  group,  each  under  a  Battle  Commander. 
Battle  Commander  at  P.  C.  Weichel  controlled  the  elements 
south  of  Ostende  and  the  Battle  Commander  at  P.  C.  Oder 
controlled  the  elements  to  the  north.  The  boundary  between 
the  commands  is  marked  by  the  City  of  Ostende  and  the 
Bruges  Canal. 

The  Zeebrugge  grouping  was,  as  far  as  available  informa- 
tion indicates,  under  a  single  Battle  Commander,  P.C.  Weser, 
but  the  disposition  of  the  armament  and  the  natural  boundaries 
in  this  grouping  led  to  the  belief  that  there  were  two  Battle 
Commanders,  one  as  just  mentioned,  but  conmianding  only 
the  defenses  centered  about  Blankenberghe  and  south  of 
Zeebrugge,  and  the  other  commanding  the  defenses  centered 
about  Heyst  and  North  of  Zeebrugge. 

There  was  nothing  to  indicate  that  there  was  any  inter- 
mediate command  between  the  battle  and  Battery  Com- 
mander, such  as  would  correspond  to  the  Fire  Commander  in 
the  U.  S.  Coast  Artillery. 
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Location  and  Dispositions 

Topography 

In  order  belter  to  understand  what  follows,  a  few  brief 
remarks  concerning  the  topography  of  the  Belgian  coast  are 
necessary.  A  line  of  sand  dunes  runs  parallel  to  and  within  a 
few  hundred  meters  of  the  shore  and  is  only  interrupted  by 
the  city  of  Ostende,  the  towns  of  Heyst,  Blankenberghe,  Wen- 
duyne,  Middelkerke,  and  Westende,  and  also  at  Zeebrugge 
where  large  canals  connect  with  the  sea.  The  average  dis- 
tance of  the  center  of  the  first  line  of  dunes  from  high  water 
mark  is  about  100  meters.  The  average  height  of  the  dunes 
above  M.L.W.  is  about  12  meters.  The  depth  of  the  line  of 
dunes  varies  from  75  meters  to  1000  meters.  A  splendid 
highway  follows  the  shore  line.  South  of  Ostende  it  runs 
generally  in  front  of  the  dunes,  whereas  to  the  north  it  runs  in 
rear  except  where  it  passes  through  the  towns.  Back  of  the 
dunes  the  country  is  very  flat,  and  sparely  settled  between 
towns.  Very  few  trees  and  nothing  that  could  be  called  a 
wood  is  to  be  found  within  five  kilometers  of  the  shore.  The 
average  elevation  is  about  3  meters  above  M.L.W. 

For  a  distance  of  about  two  kilometers  inland  the  soil 
is  generally  very  sandy,  and  after  that  it  becomes  very  rich 
and  the  vegitation  is  more  continuous  and  dense. 

Primary  Armament 
The  most  striking  and  interesting  feature  of  the  location 
of  the  primary  armament  was  its  general  withdrawal  from 
the  immediate  coast  line  to  widely  scattered  positions,  at 
distances  varying  from  one-half  to  two  kilometers  from  the 
shore.  This  was  the  case  with  Batteries  Deutchland  (4 — 38 
cm.  guns).  Kaiser  Wilhelm  II  (4 — 305  mm.  guns);  Hannover, 
Tirpitz,  Preussen,  and  Hindenburg  (each  4 — 28  cm.  guns). 
Only  two  exceptions  are  to  be  noted,  i.e..  Battery  Groden 
(4 — 28  cm.  mortars)  located  just  in  rear  of  the  dunes,  and 
Battery  Hertha  (4 — 21  cm.  guns)  located  on  top  of  the  dunes. 
This  latter  battery,  it  is  interesting  to  note,  is  the  only  battery 
of  the  primary  armament  that  could  actually  see  its  targets, 
as  all  other  primary  armament  was  so  disposed  that  a  view  of 
the  water  areas  is  impossible.  Practically  every  gun  of  the 
major  caliber  had  all  round  fire. 

Intermediate  Armament 

The  only  batteries  of  the  intermediate  armament  that 
were  not  located  in  the  line  of  dunes  were  Oldenburg  and 
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Schlesien.  These  two  batteries  were  well  back  from  the  shore 
line  located  on  perfectly  flat  terrain.  Neither  of  these  bat- 
teries could  use  Case  I  and  II. 

Secondary  Armament 
AH  batteries  of  the  secondary  armament  used  exclusively 
for  coast  defense  were  located  close  to  the  shore  and  in  the 
line  of  dunes. 

Anti-Aircraft  Artillery 

Anti-aircraft  guns,  with  few  exceptions,  were  located  well 
back  of  the  shore  line.  The  only  A.A.  gun  battery  that  was 
found  on  the  shore  line  was  Battery  Zeppelin  (so  named  by 
the  Allies).  This  battery  was  of  necessity  placed  there  in  order 
to  protect  the  Mole  at  Zeebrugge  and  also  could  be  used  for 
general  harbor  defense  purposes.  This  Mole  was  the  resting 
place  for  many  sea-planes  and  many  hangers  were  erected 
thereon. 

Anti-aircraft  machine  guns  were  located  close  to  the  bat- 
teries to  which  they  pertained.  Practically  every  battery 
above  105  mm.  had  at  least  two  machine  gun  positions.  These 
positions  were  usually  on  the  flanks  and  generally  symetrically 
disposed. 

Land  Defense  Artillery 

Land  defense  artillery  was  for  the  small  calibers  located 
well  forward  and  in  front  of  the  line  of  dunes.  Many  small 
field  pieces  and  some  of  larger  caliber  were  located  in  the 
vicinity  of  Middelkerke.  These  batteries  served  the  double 
purpose  of  protecting  the  left  flank  of  the  coast  defenses, 
as  well  as  fortifying  the  infantry  positions  further  south, 
which  formed  a  part  of  the  Western  Front. 

Aside  from  machine  gun  nests  there  were  no  land  defense 
artillery  positions  in  rear  of  the  line  of  batteries. 

Infantry  Positions 
Infantry  positions  commanding  the  approaches  from  the 
beach  and  from  the  rear  and  flanks  were  numerous.  There  is 
an  almost  continuous  line  of  trenches  along  the  entire  coast. 
Additional  works  practicaUy  encircle  each  separate  battery 
or  group  of  batteries.  Barbed  wire  is  used  extensively  in 
front  of  all  trenches. 

Stations 
All  stations  escept  those  used  purely  for  lookout  purposes, 
are  located  in  the  forward  line  of  dunes.    The  observing  level 
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is  below  the  line  of  fire  of  neighboring  batteries.  The  distance 
between  observing  stations  of  the  same  battery  varies  from 
about  12,000  meters  for  Battery  Deutchland  to  400  meters 
for  Battery  Antwerpen.  The  P.C.  for  batteries  located  in 
the  line  of  dunes  is  found  on  the  flank  and  rather  close  to 
the  battery  to  which  it  pertains.  For  batteries  back  from  the 
shore  line  the  P.C.  is  always  found  in  the  dunes.  Where  a 
battery  has  two  observing  stations  the  P.C.  sometimes  lies 
between  them,  sometimes  not;  but  is  always  found  close  to 
one  or  the  other.  The  batteries  of  the  primary  armament 
without  exception,  have  two  observing  stations.  Practically 
every  tower  or  high  structure  along  the  coast  was  utilized  as  a 
station.  It  is  impossible  to  say  whether  or  not  they  were 
used  as  lookouts  and  spotting  stations  exclusively.  The 
indications  were  that  such  was  the  case,  as  there  was  no  evi- 
dence to  show  that  they  were  tied  in  with  any  particular  bat- 
tery or  station.  These  stations  were  undoubtedly  for  general 
use  of  the  battle  commands  in  maintaining  a  lookout  and 
observing  the  effects  of  fire. 

Quarters 

Living  quarters  were  located  either  in  or  near  the  batteries 
and  stations  that  the  personnel  served.  These  quarters  when 
separate,  were  placed  in  the  rear  slope  of  the  dunes.  For  bat- 
teries located  back  of  the  shore  line,  quarters  were  provided 
either  in  the  emplacement  proper  or  in  a  structure  nearby. 

Searchlights 

Searchlight  stations  were  not  numerous.  Only  three  were 
found  along  the  entire  front  from  Ostende  to  Middelkerke  and 
only  two  between  Ostende  and  Heyst.  The  former  covered  a 
front  of  about  3600  meters  and  the  latter  two  were  18,000 
meters  apart.  Judging  by  the  power  plant  installations,  there 
were  more  lights  in  the  Zeebrugge  grouping  than  just  mentioned. 
In  the  Ostende  grouping  there  remained  the  wrecks  of  only 
three  searchlights  although  four  positions  were  found.  It 
appears  that  the  fourth  position  in  the  Palace  Hotel  was  pre- 
pared only  after  the  exploit  of  the  Vindictive  and,  the  light 
from  the  shelter  located  near  Battle  Commander's  station 
Weichel  was  installed  therein.  The  level  of  the  lights  was 
without  exception  below  the  hne  of  sight  and  observation  of 
nearby  batteries  and  stations.  All  searchlight  stations  were 
located  well  to  the  front  of  the  line  of  batteries  and  stations 
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and  in  fact,  as  near  high  water  mark  as  possible.  The  remains 
of  one  portable  searchlight  outfit  was  found;  its  assignment  was 
not  determined. 

Power  Plants 

Separate  power  plants  were  not  much  in  evidence.  Exist- 
ing municipal  installations  were  undoubtedly  utilized  as  much 
as  possible;  small  plants  located  in  the  dunes  furnished  power 
to  a  group  of  batteries.  A  plant  existed  in  the  Palace  Hotel. 
The  larger  and  isolated  batteries  had  a  separate  plant  located 
near  the  battery. 

Types  of  Guns,  Carriages,  Structures 

AND  Installations 

Guns 

Many  models  of  guns  were  found;  among  those  verified  were 
models  dated  from  1887  to  1916.  The  length  varied  from  35  to 
45  calibers,  but  the  longer  gun  was  only  found  in  the  smaller 
calibers  using  high  velocities.  All  modern  primary  and 
intermediate  armament  was  40  calibers.  Velocities  used 
ranged  from  V^=455  to  V^=765  m/s.  The  more  modern  guns 
used  high  velocities  for  all  calibers.  This  average  maximum 
range  of  the  primary  armament  was  30,000  meters,  of  the 
intermediate  17,000  meters,  and  of  the  secondary  armament 
12,000  meters.  Practically  every  gun  seen  was  manufactured 
by  Krupp.  The  sliding  breech  block  was  universal.  As  some  of 
the  projectiles  at  nearly  every  battery  had  two  rotating  bands 
it  would  appear  that  the  standard  twist  of  the  rifling  was  uni- 
form. It  was  impossible  to  determine  whether  or  not  any 
guns  were  of  wire-wound  construction.  The  exterior  form  of 
the  chase  of  all  guns  resembles  that  of  U.  S.  models.  The 
separation  between  hoops  and  the  protruding  of  the  tube  was 
noticed  in  many  cases.  Obturation  was  effected  by  means 
of  a  brass  cartridge  case  for  all  calibers.  The  propelling 
charge  was  ignited  by  means  of  a  percussion  primer.  Erosion 
and  copper  fouling  were  not  much  in  evidence. 

Carriages 

Like  the  guns,  there  were  many  models  of  mounts;  no  two 
batteries  of  the  same  caliber  were  found  to  be  alike.  Some 
models  were  old,  while  others  were  very  modern.  All  mounts, 
except  a  few  herein-after  mentioned,  were  of  the  barbette  type, 
carrying  a  shield  or  a  turret  with  armor  ranging  in  thickness 
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for  the  smallest  caliber  from  2  cm.  to  12  cm.  for  the  larger. 
However,  the  thickest  armor  was  found  at  a  turret  battery 
of  17  cm.  guns;  the  38  and  28  cm.  guns  used  only  6  cm.  armor. 
Some  9t  the  intermediate  and  primary  armament  had  undoubt- 
edly been  removed  from  warships.     Several  of  the  15  cm. 
and  17  cm.  batteries  still  carried  a  shield  typical  of  that  used 
in  sponsons,  but  this  shield  was  augmented  with  side  and  top 
plates  so  as  to  protect  the  gun  crew.    There  was  nothing 
unusual  about  the  turret  guns;  there  were  only  a  few  batteries 
with  that  construction.     The  following  batteries  of  the  primary 
armament  had  no  armor  protection  whatsoever:    Preussen, 
Hannover,  and  three  guns  of  Deutchland.     It  is  generally 
understood   that   the   unprotected   guns   of   the   last-named 
battery  were  to  have  armor  attached,  as  was  the  case  with  • 
No.  1  gun  of  that  battery.    The  other  two  batteries  were  of 
the  railroad  type  and  never  contemplated  the  use  of  armor. 
All  other  batteries  were   protected.     Guns  of  the  primary 
armament  were  mounted  on  carriages  of  the  front  pintle  type, 
this  being  true  with  the  exception  of  a  battery  of  210's  in 
turrets.    The   intermediate   and   secondary   armament   used 
the  pedestal  type  of  carriage.    The  designs  of  carriage  per- 
mitted maximum  elevations  which  ranged  from  15"^  for  oldest 
models  to  55"^  for  the  more  modem;  depression  angles  of  —5° 
were  possible  with  the  former,  but  the  latter  as  a  rule  would  not 
permit  of  any  depression.     Recoil  and  recuperator  mechanisms 
were  combination  spring  and  hydro-pneumatic.    This  system 
usually  consisted  of  three  cylinders  disposed  in  diiferent  man- 
ners, but  operating  always  on  the  same  general  principle. 
At  battery  Tirpitz  the  system  employed  used  two  sets  of  three 
cylinders  each.     Further  details  are  given  in  the  description 
of  the  batteries  in  Part  II.    With  few  exceptions  all-round 
fire   was   possible.     Range   scales   were,   without   exception, 
mounted  on  a  flat  bracket  attached  to  the  cradle,  sometimes  on 
the  left  and  sometimes  on  the  right,  depending  upon  which 
side  the  elevating  hand-wheel  was  located.    This  bracket  was 
cut  on  the  arc  of  a  circle  and  the  face  was  usually  parallel  to 
the  axis  of  the  gun.    The  bracket  had  an  undercut  groove 
into  which  was  inserted  the  brass  range  scale.    This  scale  was 
graduated  in  meters  and  a  separate  column  was  used  for  the 
different  types  of  projectiles.    A  degree  scale  was  engraved 
on  the  face  of  the  bracket  proper.    The  elevation  pointer 
was  attached  to  the  chassis,  being  movable  and  could  be  set 
by  means  of  a  scale  to  make  elevation  corrections  of  a  semi- 
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permanent  nature.  Azimuth  circles  were  always  provided 
with  a  movable  pointer  and  a  scale  permitting  of  a  considerable 
definite  movement  on  either  side  of  the  normal.  The  degree 
and  sixteenths  thereof  were  used  for  all  angular  measure, 
horizontal  and  vertical.  Electrical  illumination  of  aiming 
and  laying  apparatus  was  always  provided  by  means  of  very 
heavy  but  flexible  and  well  insulated  cables.  Battery  Deutch- 
land  was  the  only  battery  found  to  have  electric  motors  for 
traversing  and  elevating.  No  telescopic  sights  were  found, 
but  every  carriage  was  provided  with  a  sight  bracket.  The 
use  of  ball  bearings  for  traversing  instead  of  conical  rollers 
was  noted.  Other  characteristic  features  of  a  mechanical 
nature  which  differed  from  the  American  practice  are  as  follows : 

All  gears,  pinions,  racks,  worms  and  worm-wheels  are 
made  sufficiently  strong  to  withstand  the  shock  of  discharge 
without  interposing  a  slipping  device  so  common  in  all  our 
traversing  and  elevating  mechanisms. 

The  use  of  chains  and  sprockets  on  carriages  for  large 
guns  is  noticeable. 

Girder  construction  for  large  gun  carriages  is  used  rather 
than  large  solid  castings;  plates  and  rivets  are  used  wherever 
possible. 

Duplicate  installations  are  frequent. 

Emplacements 

All  emplacements  were  built  of  reinforced  concrete.  Bat- 
teries located  back  of  the  shore  line  in  rear  of  the  dunes  varied 
considerably  with  respect  to  arrangement  and  type.  In  some 
cases  the  magazines  were  adjoining  the  gun,  but  the  universal 
practice  was  that  the  gun  platform  and  floor  of  the  magazine 
were  on  the  same  level.  Some  batteries  had  no  traverse  con- 
struction between  the  guns  and,  in  those  that  were  so  designed 
the  profile  was  low.  The  guns  of  Tirpitz  and  Kaiser  Wilhelm 
II  were  arranged  in  line  and  equally  spaced ;  the  traverse  between 
each  gun  and  the  flanking  guns  were  also  protected.  A  low 
parados  was  in  rear  of  each  gun.  These  batteries  resemble 
very  closely  Anaerican  Coast  Defense  practice  in  plan,  with 
the  exception  of  the  location  of  magazines.  Batteries  Deutch- 
land,Preussen,Hannover,  Schlesien,  and  Oldenburg  are  examples 
of  an  entirely  different  plan  and  one  which  is  totally  foreign 
to  anything  to  be  found  in  the  United  States.  The  guns  of 
these  batteries  were  disposed  in  a  regular  manner,  but  were 
located  in  the  corners  of  a  rhomboid,  with  sides  400  m.  X  150  m. 
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on  the  average.  With  such  an  arrangement  all  four  guns 
could  not  be  enfiladed,  at  least  two  guns  could  fire  in  all  azi- 
muths and  the  arc  of  fire  when  one  gun  blanked  another  is 
very  small.  Batteries  Preussen  and  Hannover  (Railway  bat- 
teries) had  absolutely  no  protection  whatsoever.  Deutchland 
and  Schlesien  had  magazines  so  located  as  to  afford  some  pro- 
tection from  enfilade  fire.  Battery  Oldenburg  is  in  a  class  by 
itself;  each  gun  was  separate  and  distinct.  Adjoining  each 
gun  is  a  massive  concrete  structure  which  contains  the  maga- 
zines and  quarters  for  the  personnel.  This  was  the  only 
case  where  personnel  and  ammunition  were  in  the  same  struc- 
ture. A  more  detailed  description  will  be  found  under  the 
head  of  each  battery  concerned  in  Part  II.  The  emplace- 
ments in  the  line  of  dunes  were  similar  to  American  Coast 
Defense  batteries  in  almost  every  respect,  the  principal  points 
of  difference  noted  were:  no  concrete  blast  slopes,  no  break 
between  exterior  and  superior  slopes,  no  broad  expanse  of 
concrete,  the  use  of  every  means  to  camouflage  position  from 
overhead  observation  and  very  low  traverses.  The  only 
mortar  battery  found  consisted  of  four  pits,  one  mortar  in 
each;  the  walls  of  the  pits  sloped  gently  and  were  extremely 
low  as  compared  with  U.  S.  mortar  emplacements.  The 
average  thickness  of  concrete  used  for  overhead  construction 
of  magazines  varied  from  2  to  3  meters,  this  being  sometimes 
augmented  with  sand.  The  side  walls  varied  in  thickness 
from  J/^  to  2  meters.  No  two  battery  emplacements  were 
alike.  It  appeared  as  if  each  battery  commander  had  designed 
his  own  emplacement.  Because  of  many  differences  of  interior 
arrangement,  the  system  of  ammunition  supply  from  magazine 
to  gun  varied  with  the  emplacement.  No  mechanical  ammuni- 
tion hoist  was  found  except  in  the  case  of  turret  batteries. 
Ammunition  for  the  smaller  calibers  was  either  carried  by 
hand  from  the  magazine  to  the  gun  or  raised  through  a  shaft 
connecting  the  magazine  and  gun  platform.  For  the  larger 
calibers,  ammunition  was  served  direct  from  the  magazine 
on  trucks  sometimes  running  on  rails,  sometimes  not.  All 
magazines  appeared  to  be  dry. 

Quarters 

Shelters  for  personnel  were  found  at  all  batteries,  except 
Hannover,  Preussen,  and  Schlesien.  These  shelters  were  usually 
made  of  heavy  timber  frames,  sheathed  and  well  waterproofed 
walls;  some  of  the  poorer  structures  were  being  replaced  by  con- 
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concrete.  These  structures  were  all  well  protected,  dry,  and 
comfortable.  The  plan  varied  as  in  the  case  of  the  emplace- 
ment. There  did  not  seem  to  be  any  type  plan  that  was 
followed.  The  interiors  were  most  elaborate,  having  been 
completed  at  the  expense  of,  and  by  looting,  magnificent 
hotels  and  dwellings.  Plates  1  and  2  will  give  some  idea  of  the 
exterior  appearance  of  shelters. 


Plau  1  >"• 

Quarters  for  persnnne)  belonging  lo  a  batlle  commander's  station,  (P.  C. 
Weichel),  interior  finished  in  hard  wood,  comfortably  furnished  and  elec- 
trically lighted.  Heavy  limber  frame  construclion.  sheathed  and  well 
waterproofed,  about  three  meters  overhead  cover,  sand  and  heavy  limbers. 

Stalions 
All  P.  C.  and  observing  stations  were  of  reinforced 
concrete  and  similar  in  plan  to  our  own.  The  amount  of 
overhead  cover  varied  from  one  to  two  meters  of  concrete. 
The  stations  could  not  have  been  visible  at  any  great  distance 
from  the  front.  Each  P.  C.  was  provided  with  self-contained 
horizontal  base  range  finder  which  was  mounted  on  the  top 
or  to  the  side  of  the  station.  There  was  every  evidence  that 
high  power  and  very  large  observing  instruments  were  used. 
In  P.  C.  Weichel,  a  battle  commander's  station,  a  telescope 
at  least  four  meters  in  length  had  been  mounted;  Plates  3 
to  8  inclusive  illustrate  the  general  type  of  station  used. 


COAST  DEFENSES  ON  THE  BELGIAN  COAST 


Plate  2  ■»" 

Structure  containing  quarters  for  personnel,  small  power  plant  work  and 
shop.     Concrete  and  timber  construction,  about  five  meters  overhead  cover. 


Plate  3  "^i 

A  double  station,  one  part  t>ein(i  used  as  a  P.C.  and  the  other  as  an 
observing  station.  Note  the  camoullage  and  barbed  wire.  This  station 
was  very  low,  the  sea  boulevard  can  be  seen  in  the  fore^-ound. 
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Plate  4  "» 

A  P.C.  of  reinforced  concrete,    concrete  crow's-nest  rising  above  toot 
of  arcade  contained  a  S.C.H.B. 


Plate  5  •" 

An  observing  station  of  the  South  Ostende  group,  ot  interest  because  oT 
the  very  thick  roof.     Reinforced    concrete  construction. 
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Plate  6 
Side  and  top  view  of  a  P.C.  in  the  South  Ostende  group,  giving  an  idea 
of  the  depth  of  the  station  and  the  most  common  location  for  the  S.C.B.H. 


Plate  7  "" 

Battle  Commander's  station  (P.C.  Weichel)  South  group,  Ostende 
grouping.  Very  low  elevation,  sea  boulevard  in  the  foreground.  The 
largest  of  any  of  the  stations. 


JOURNAL  U.  S.   ARTILLEBV 


Plate  8  ">• 

P.C.  of  Leugenboom,  the  battery  which  fired  on  Dunkirk.  Very  mas- 
sive reinforced  concrete  construction  with  very  heavy  iron  doors  in  every 
entrance,  interior  and  exterior. 


Plate  9  *■" 

View  of  the  top  and  flank  of  a  P.C.  Notice  the  shelter  for  housing 
S.C.H.B.  instrument  when  not  in  use.  Pedestal  was  mounted  on  small 
truck  running  on  a  track.  Remains  of  instrument  in  bottom  of  pit.  A.  A. 
machine  gun  mounted  on  truck  directly  in  front  of  tunnel  shelter. 
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Lookout  stations  were  established  in  the  tops  of  the  highest 
buildings,  and  many  towers  were  likewise  occupied.  The 
Palace  Hotel  located  close  to  the  shore  was  one  of  the  highest 
buildings  in  Ostende.  The  plan  of  the  Hotel  was  a  square  and 
at  each  corner  a  square  tower  rose  several  feet  above  the  roof 
of  the  main  building.  The  Germans  raised  the  roof  of  one  of 
these  towers  about  one  foot  to  provide  an  observing  slot  and 
occupied  it  as  a  lookout  station.  It  was  very  well  executed 
and  could  not  be  noticed  at  any  great  distance.  In  view  of 
the  fact  that  the  remains  of  certain  installations  in  these 
lookouts  indicated  position  finding  facilities,  it  is  likely  that 
spotting  was  done  from  these  stations.  Their  location  was 
always  ideal  for  such  purpose. 

Several  batteries  had  "data  booths."  These  were  located 
in  such  a  position  as  to  be  plainly  visible  to  all  guns;  Plate  10 
shows  such  a  booth. 


Plate  10  "■ 

Data  booth,  Battery  TIrpitz,  two  tiers  of  figures  painted  on  sheet  metal 
drums,  each  drum  iudependent,  figures  one  meter  high,  two  additional 
drums  were  located  on  the  roof  of  the  structure. 

Searchlights 
Searchlight  installations  were  similar  to  the  U.  S.  standard 
60-inch   searchlight.     Searchlight   shelters  were   very    simple 
wooden  structures  just  large  enough  to  house  the  light.     The 
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lights  were  mounted  on  trucks  with  wheels  running  on  rails. 
The  power  plant  was  removed,  but  at  no  very  great  distance 
from  the  light.  No  towers  were  used.  The  shelters  found 
were  always  so  placed  that  they  faced  due  North  regardless 
of  the  direction  of  the  shore  line.  There  was  nothing  unusual 
about  the  searchlight  system  found  that  would  attract  atten- 
tion.   The  method  of  control  could  not  be  determined. 

Power 

The  electric  power  system  was  extensive;  that  is  to  say, 
electric  lights  were  provided  everywhere.  No  standard 
plants  seemed  to  exist;  like  everything  else,  no  two  units  were 
alike. 

Railways 

Broad  and  narrow  gauged  railways  were  in  evidence 
everywhere.  It  was  possible  to  supply  every  battery  with 
ammunition  by  rail  from  the  dumps  located  well  to  the  rear. 

Ammunition 

The  ammunition  found  at  the  batteries  would  indicate 
that  they  were  well  stocked.  Each  battery  had  at  least  two 
types  of  projectiles.  The  long-nosed  projectile  was  much 
in  evidence,  the  radius  of  ogive  in  one  case  was  as  much  as 
nine   calibers. 

Commun  ications 

Communication  system  was  practically  destroyed.  The 
telephone  system,  however,  was  evidently  adequate,  all  lines 
were  run  underground  in  cables,  but  not  in  ducts.  The  pre- 
sence of  speaking  tube  lines  was  common  to  all  batteries  and 
stations.  The  terminal  stations  could  not  be  found,  there- 
fore, it  was  impossible  to  determine  if  a  switchboard  system 
was  used  or  direct  connected  lines  as  used  in  the  U.  S.  Coast 
Defense  installations.  Judging  by  other  German  telephone 
installations  in  permanent  fortification  it  is  likely  that  the 
switchboard  system  was  used. 

Fire  Control 
Instruments 

The  position  and  range  finding  system  could  not  be  deter- 
mined with  any  degree  of  certainty.  S.C.H.B.  instruments 
were  provided  in  great  numbers.  Each  battery  was  pro- 
vided with  a  3-meter  base  and  the  battle  commander  with 
a  10-meter  base  instrument. 
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The  remains  of  angle-measuring  and  observing  inslru- 
meQts  were  found  in  abundance.  Plotting  boards  of  the 
German  type  were  used,  but  these  boards  are  much  smaller 
than  the  Whistler-Hearn  and  are  more  in  the  nature  of  a 
simple  mounting  for  a  Plan  Directeur  to  the  scale  of   1/20,000. 

No  evidence  of  a  time  interval  system  was  found. 


PUte  II  "" 

Remains  of  a  10-meter  S.C.H.B.  belonging  to  Battle  Commander  South 
Ostende  Group.     Range  finder  located  on  the  right  flank  of  P.C.  Weichel. 

Posifion  and  Range  Finding 
The  system  of  position  and  range  finding  used  by  the 
coast  batteries  must  be  deduced  from  the  following  evidence, 
which  is  all  that  remained,  and  from  these  considerations 
alone: 

(1)  The  large  number  of  S.C.H.B.  instruments  in  open 
observing  stations  and  command  posts,  indicating  the  assign- 
ment of  one  of  these  instruments  to  each  battery  and  higher 
command. 

(2)  The  assignment  to  each  battery  of  the  primary  and 
intermediate  armament  of  at  least  two  observing  stations 
located  as  far  forward  as  possible  and  without  any  attempt 
to  secure  great  height  of  site,  the  average  height  being  only 
8  meters  above  M.L.W. 
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(3)  The  remains  of  angle  measuring  instruments  in  some 
of  the  observing  stations. 

(4)  The  remains  of  plotting  boards  of  a  type  identical 
with  the  field  plan  directeur  artillery  board. 

(5)  The  existence  of  an  elaborate  system  of  inter-communi- 
cation. 


Whether  intersection  by  long  horizontal  base  was  the 
method  employed  for  the  determination  of  the  range  and 
azimuth  of  the  target,  or  whether  the  initial  range  was  ob- 
tained solely  by  the  S.C.H.B.  instrument  is  uncertain.  It 
is  fairly  certain,  however,  that  a  system  of  tracking  and  pre- 
diction similar  to  our  own  was  not  employed  with  the  plot- 
ting boards,  the  remains  of  which  were  discovered.  These 
boards  were  simply  1/20,000  maps  of  the  coast  line  and  water 
area,  pasted  on  a  carefully  prepared  wooden  back,  with  azi- 
muth circles  drawn  for  the  various  stations.  One  of  the 
boards  in  fairly  good  condition  was  found  to  have  five  separate 
azimuth  circles  which  were  probably  used  as  follows:  one  for 
the  battery  directing  point,  one  for  the  B.C.  station,  and 
three  for  three  separate  observing  stations.  That  these 
boards  could  be  used  for  tracking  the  course  of  a  moving 
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target  is  not  very  probable,  and  their  use  simply  as  spotting 
boards  might  have  been  their  sole  function;  if  a  more  elaborate 
plotting  board  was  employed,  as  seems  likely  enough  in  view 
of  the  fact  that  nearly  all  major  caliber  batteries  used  indirect 
fire  exclusively,  they  were  withdrawn  by  the  Germans  in  their 
evacuation. 

Assuming  that  the  type  of  plotting  board  found  is  the 
only  one  adopted  by  the  Germans  for  horizontal  base,  it  would 
appear  that  the  initial  range  and  bearing  were  determined  by 
its  use.  The  speed  and  course  of  the  target  would  be  calcu- 
lated by  some  other  means  than  plotting.  Trial  fire  would 
follow  and  adjustment  secured  by  means  of  observation. 
All  batteries  of  the  primary  armament,  except  one,  used  in- 
direct fire.  Most  of  the  other  batteries  were  so  located  that 
direct  laying  was  possible.  At  every  gun,  reference  data  was 
painted  on  the  shield.  This  data  included  range  and  bearing 
to  important  points  and  corrections  to  be  applied  under  cer- 
tain conditions.  The  azimuth  pointer  scales  on  guns  compelled 
to  use  indirect  laying  at  all  times  carried  a  rather  complex 
table  of  figures  conveniently  mounted  nearby.  All  this  would 
indicate  that  the  bearing  of  a  set  forward  point  was  not  sent 
to  the  guns,  but  rather  the  data  of  the  last  plotted  position, 
together  with  the  target's  speed.  At  one  battery  the  azimuth 
pointer  mechanism  had  two  settings,  one  horizontally  and  one 
vertically,  the  former  depending  upon  the  range  used  and  the 
latter  upon  so  many  meters  per  second,  probably  the  speed 
of  the  target.  It  is  Ukely  that  successive  plotted  ranges  and 
bearings  were  sent  to  the  guns  at  regular  intervals,  but  the 
evidence  found  does  not  indicate  that  the  target  was  plotted 
and  predictions  made  as  in  our  own  Coast  Artillery  practice. 

General  Notes 

Effects  of  Enemy  Fire 

The  effects  of  enemy  fire  on  the  German  batteries  is  worthy 
of  mention  and  is  of  interest  because  of  the  fact  there  was  no 
indication  that  a  single  gim  had  ever  been  put  out  of  action. 
Battery  Tirpitz  probably  received  more  shelling  from  the 
Naval  forces  than  any  other  single  battery  and  was  also  fired 
on  by  allied  land  batteries.  There  was  plenty  of  evidence  to 
show  that  this  battery  had  been  fired  at  for  some  time  past, 
and  the  number  of  shell  holes  was  too  numerous  to  count. 
Fragments  struck  the  guns  and  shields,  and  the  emplacement 
also  shows  signs  of  being  hit,   but  in  no   case  was  there  any 
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evidence  of  material  damage  being  done.  Apparently  the 
other  batteries  of  the  primary  armament  were  more  fortunate* 
as  few  shell  holes  were  found  near  them  and,  in  the  case  of 
the  R.  R.  batteries — Preussen  and  Hannover — not  a  single 
shell  hole  was  found.  There  was  nothing  that  would  indicate 
that  very  much  fire  was  directed  against  the  batteries  of  the 
intermediate  and  secondary  armament.  Other  elements  of 
the  coast  defense,  such  as  stations,  power  plants,  etc.  seen» 
to  have  been  untouched. 

It  seems  remarkable  that  during  a  period  of  about  four 
years  that  the  fire  from  warships  was  able  to  do  so  little 
damage  to  the  batteries.  A  great  deal  of  destruction  to 
buildings  was,  of  course,  very  much  in  evidence. 

Camouflage 

The  measures  taken  to  secure  concealment  and  prevent 
observation  are  not  to  be  overlooked.     Battery  Oldenburg  is. 
one  novel  example  of  one  of  the  mediums  employed;  camou- 
flage screens  and  mats  were  used  extensively,  paint  was  used 
to  some  extent  on  concrete  structures  and  guns,  but  probably 
the  most  effective  of  all  means  was  the  use  of  smoke.    A  great 
number  of  "smoke  pots"  were  found  and  the  indications  were 
that  they  were  used  liberally  and  extensively  along  the  entire 
coast  and  were  capable  of  enveloping  all  batteries  in  smoke 
and  in  a  very  short  space  of  time.    These  "smoke  pots" 
generated  a  white  smoke  very  rapidly  and  in  great  volume. 

Due  to  the  relative  location  of  the  batteries  and  observing 
stations,  the  existence  of  a  smoke  screen  would  not  interfere 
with  observation  from  the  shore  stations  except  when  the  wind 
was  "off-shore." 

Conclusions 

From  the  study  of  the  coast  defenses  made  on  the  ground,, 
the  following  conditions  seem  of  paramount  interest  and 
importance : 

(1)  That  all  guns,  regardless  of  caliber,  had  mounts  which 
enabled  them  to  use  their  full  power,  and  secure  maximun^ 
ranges  that  compare  favorably  with  guns  of  similar  type  on 
battleships. 

(2)  That  all  heavy  batteries  were  withdrawn  from  the 
coast  and  well  separated  from  each  other.  No  reference  line 
for  spotting,  such  as  a  shore  line,  was  available  to  facilitate 
location  of  fire  on  the  shore  batteries. 
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(3)  That  each  battery,  regardless  of  caliber,  was  composed 
of  four  guns. 

(4)  That  many  of  the  batteries  were  so  located  that  indi- 
rect fire  was  the  only  method  of  fire  that  could  be  employed. 

(5)  That  the  battery  commander  was  apparently  located 
in  a  B.C.  station  on  the  shore  line  and  therefore  at  a  con- 
siderable distance  from  his  command,  in  the  case  of  many 
of  the  most  important  batteries. 

(6)  That  all  observing  stations  were  well  concealed,  and 
were  strongly  protected  against  hostile  fire. 

(7)  That  nearly  every  gun  could  fire  on  land  as  well  as 
on  water  areas  and  in  some  cases,  actually  did  so. 

(8)  That  with  the  development  of  this  system  of  defense, 
coast  defense  becomes  the  function  of  the  batteries  in  con- 
tradistinction to  a  purely  harbor  defense  purpose. 

(9)  That  a  large  proportion  of  the  armament  installed  is 
rapid  fire,  intermediate  caliber  guns. 

(10)  That  there  was  only  one  battery  of  four  mortars  in 
the  Coast  Defenses. 

(11)  That  each  battery  and  each  group  of  stations  had  its 
own  anti-aircraft  defense  6f  machine  guns. 

(12)  That  a  great  many  anti-aircraft  guns  were  mounted 
in  the  defenses. 

(13)  That  shields  or  turrets  were  used  on  nearly  every 
gun  in  position. 

(14)  That  great  variety  was  permitted  in  the  details  of 
the  installation,  plan,  and  construction  of  batteries. 

(15)  That  camouflage  and  concealment  from  aerial  observa- 
tion were  carried  to  extremes,  but  the  aeroplane  photographs 
show  that  comparatively  slight  advantage  was  obtained  by 
this  means  in  preventing  the  detection  of  batteries  during  the 
period  of  construction. 

(16)  That  heavy  railroad  guns  were  installed  in  a  minimum 
of  time  to  supplement  the  fixed  defenses.  Compare  the 
three  months  required  to  prepare  the  emplacement  for  Battery 
Preussen  with  the  year  and  a  half  necessary  to  build  Battery 
rirpitz. 

(17)  That  the  railroad  guns  and  mounts  were  the  only 
guns  on  the  Belgian  coast  that  were  saved  in  the  evacuation. 

(18)  Finally,  that  fire  from  hostile  naval  vessels,  even  when 
long  continued  did  not  effect  the  destruction  of  well  located 
shore  batteries. 

*        *         *        *    To  be  continued    *        *         *        * 
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CiRCUMPOLAR  Stars  at  Elongation 

Theory. — In  a  general  way  all  fixed  stars  are  circumpolar 
stars,  but  by  usage  the  term  is  applied  to  those  stars  which  are 
within  about  20  degrees  of  the  pole,  (either  pole),  their  paths 
apparently  being  concentric  circles  about  their  respective 
poles  and  completely  visible  from  any  latitude  higher  than 
30  degrees.  These  stars  could  be  used  for  Altitude  Method 
•observations  just  described,  but  more  precise  results  are 
obtained  by  making  use  of  a  special  case  of  this  Altitude 
method,  using  the  point  of  elongation  of  each  star  path,  which 
is  the  point  apparently  diverging  farthest  from  a  north  and 
south  line. 

The  engineer's  transit  assumed  to  be  used  for  observing 
is  so  constructed  that,  when  in  adjustment,  any  movement 
of  the  telescope  alone  generates  a  vertical  plane  of  sight  passing 
through  the  observer's  position  and  the  center  of  the  Earth. 
Such  a  plane  will  be  tangent  to  the  path  of  any  circumpolar 
star  at  its  two  points  of  elongation.  For  an  infinitely  small 
orbit  these  two  points  would  be  diametrically  opposite  and 
equally  spaced  as  regards  time.  For  larger  orbits  the  points 
of  tangency  are  closer  together  and  on  the  upper  side  of  the 
path,  equally  divergent  from  a  north  and  south  line,  and 
the  time  elapsing  from  east  elongation  to  west  elongation  is 
less  than  from  west  elongation  to  east  elongation.  For  still 
larger  orbits,  or  as  the  observer's  latitude  increases,  the  points 
of  elongation  move  toward  each  other  more  rapidly  until  they 
meet  at  the  zenith,  which  is  the  limiting  case. 

An  observation  taken  at  any  of  these  times  of  elongation 
could  be  solved  by  the  altitude  method  but  with  only  indifferent 
results  due  to  poorly  shaped  triangles  and  poorly  defined 
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vertical  angles.  But  tables  may  be  prepared  as  the  result  of 
purely  theoretical  computations,  giving  the  azimuth  of  the 
vertical  plane  from  observer  to  elongation  of  any  star  for  any 
latitude  and  time  of  the  year.  These  azimuths  of  elongation 
change  but  slowly  for  variations  of  time,  but  change  with 
increasing  rapidity  as  the  latitude  of  the  observer  increases. 
For  this  reason  the  computed  tables  of  azimuth  are  rather 
local  in  their  application,  or  else  have  large  correction  factors 
for  non-tabular  latitude  of  observation. 

The  good  points  of  this  method  are,  (a)  the  elimination  of 
computation  and  (b)  the  provision  for  observation  with  the 
approximate  precision  of  the  Polaris  elongation  method  on 
sufficient  stars  so  that  there  may  be  an  observation  at  fre- 
quent intervals  of  the  night.  Opposed  to  these  apparent 
advantages  are,  (a)  the  difficulty  and  uncertainty  of  finding 
and  identifying  many  of  the  dim  stars  which  must  be  used  in 
order  to  obtain  an  elongation  every  two  or  three  hours,  and 
(b)  the  limited  application  of  the  method  to  a  range  of  lati- 
tude of  only  about  15  or  20  degrees,  and  (c)  the  need  of  special 
tables  for  this  range  of  latitude. 

Practical  considerations. — ^The  actual  operations  performed 
in  using  this  method  are  as  follows:  (a)  selecting  one  or  two  of 
the  tabulated  stars  which  elongate  at  the  most  convenient 
time  for  observation,  (b)  locating  and  identifying  the  star  to 
be  observed  and  pointing  the  telescope  at  it,  (c)  following  the 
star  until  elongation,  then  dropping  the  line  to  the  ground 
and  marking  it  or  else  turning  the  horizontal  angle  to  some 
permanent  mark,  (d)  determining  from  the  table  or  comput- 
ing the  azimuth  of  elongation  and  applying  it  to  the  mark  set 
or  the  angle  read  to  obtain  true  north.  The  problems  attend- 
ing each  step  will  be  discussed  in  turn. 

(a)  Selecting  the  star:  for  this  purpose  the  stars  used 
should  be  within  30  degrees  of  the  pole,  and  preferably  within 
20,  because  of  the  appreciable  errors  in  azimuth  caused  by 
relatively  slight  errors  in  latitude  when  using  a  star  having  a 
polar  distance  of  no  more  than  30  degrees.  In  this  case  one 
minute  error  in  estimating  the  latitude  will  cause  20  seconds 
error  in  azimuth.  There  are  only  about  ten  stars  within  this 
area  at  the  North  Pole  and  less  at  the  South  Pole  which  are 
visible  to  the  naked  eye  even  on  a  clear  night,  and  they  are 
grouped  so  that  elongations  may  be  from  a  few  minutes  to 
three  hours  apart.  This  situation  should  be  studied  before 
planning   field  work  and  advantage  taken  of  the  elongations 
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occuring  near  the  desired  time  of  observation.  This  requires 
that  in  addition  to  a  special  table  of  azimuths  a  table  giving 
times  of  elongation  for  the  latitude  of  the  observer  must  be 
prepared  or  otherwise  made  available.  The  time  must  be 
estimated  with  care,  as  stars  more  distant  from  the  pole  than 
Polaris  do  not  apparently  remain  at  elongation  for  about  20 
minutes,  like  Polaris,  but  approach  and  leave  the  tangent  line 
more  quickly.  In  estimating  time  for  a  non-tabular  date  do 
not  interpolate  between  the  times  of  east  and  west  elongation, 
for  they  are  not  at  opposite  points  of  the  orbit.  If  the  star 
is  a  faint  one,  as  is  usually  the  case,  additional  note  must  be 
made  of  its  azimuth  from  Polaris  and  its  altitude  at  elongation 
in  order  to  find  and  identify  it.  All  this  requires  considerable 
familiarity  with  a  Nautical  Almanac  or  else  the  blind  use  of 
specially  prepared  tables  covering  all  these  points. 

(b)  Pointing  to  the  star:  Shortly  before  the  elongation  to 
be  observed  direct  the  telescope  at  the  star.  Even  in  clear 
atmosphere  it  will  often  be  necessary  to  lay  off  the  vertical 
angle  and  the  azimuth  angle  from  Polaris  in  order  to  do  this. 
Several  of  the  stars  have  near  neighbors  of  only  slightly  less 
brightness,  a  confusing  situation  requiring  the  angles  to  be 
carefully  laid  off  to  be  certain  of  the  correct  star.  When  its 
identity  is  established,  follow  it  with  the  vertical  crosshair 
until  it  ceases  to  move  in  azimuth,  then  mark  the  plane  of 
sight  on  the  ground  or  read  the  horizontal  angle  to  some 
permanent  mark.  The  star  remains  at  elongation  only  a  few 
minutes.  A  skillful  observer  may  be  able  to  take  a  reversed 
sight  in  the  time  available,  but  this  second  sight  will  be  of 
questionable  precision.  If  a  check  observation  by  this  method 
is  desired  the  next  elongation  may  be  taken,  occuring  probably 
an  hour  or  two  later.  The  star  should  be  at  least  20  degrees 
above  the  horizontal  to  be  sufficiently  free  from  haze,  errors  of 
refraction,  etc.  Above  latitude  40  the  place  of  elongation  of 
stars  having  a  polar  distance  of  20  degrees  is  too  high  to  be 
observed  with  ease,  and  the  instrumental  errors  of  adjustment 
become  appreciable,  especially  for  only  one  pointing. 

(d)  Determining  true  north:  Having  marked  the  direc- 
tion of  elongation  on  the  ground  or  read  the  horizontal  angle 
to  a  mark,  true  north  is  obtained  by  finding  the  azimuth  of 
the  observed  elongation  from  the  table  or  computing  it,  and 
combining  it  with  the  data  established  during  observation. 
This  part  may  be  done  when  convenient. 

During  the  time  consumed  in  making  the  28  other  star 
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observations  listed  on  Plate  I,  only  three  visible  elongations 
of  circumpolars  occured.  These  three  were  observed  and 
computed.  For  precision  the  results  are  not  as  consistent 
as  those  of  Polaris  at  any  hour  angle,  and  certainly  do  not 
approach  the  precision  to  be  obtained  by  observations  on 
Polaris  at  elongation.  It  was  quite  evident  in  making  the 
observations  that  difficulty  in  quickly  and  easily  identifying 
a  star  and  pointing  to  it  are  pronounced  disadvantages,  liable 
to  cause  a  lack  of  confidence,  which  in  turn  unconsciously 
induces  a  loss  of  dexterity  and  skill  in  handling  instruments. 
This  method,  while  apparently  eliminating  computation, 
actually  necessitates  the  use  of  several  special  tables  and  cor- 
rection factors.  The  precision  obtained  is  in  no  way  superior 
to  that  of  Polaris  at  any  hour  angle.  No  saving  of  time  is 
effected.  In  fact,  half  a  dozen  Polaris  observations  may 
frequently  be  made  and  computed  while  waiting  for  a  second 
elongation  to  check  the  results  of  the  first.  The  proposition 
is  more  limited  to  a  zone  of  latitude  than  any  other,  and 
instead  of  using  the  most  distinct  and  easily  found  stars,  some 
of  those  used  are  difficult  to  find  even  in  clear  atmosphere, 
and  are  invisable  in  a  haze  which  does  not  obscure  the  brighter 
stars. 

Polaris  at  Elongation 

Theory. — The  use  of  the  elongation  of  Polaris  for  azimuth 
does  not  differ  in  principle  from  that  of  any  other  circumpolar 
star,  as  just  described,  but  due  to  the  proximity  of  this  star 
to  the  true  north  pole  and  to  its  easy  visibility,  most  of  the 
disadvantages  of  circumpolars  are  removed  and  greater  pre- 
cision is  possible  under  ordinary  conditions.  There  is  no 
similar  large  star  close  to  the  south  pole.  At  present  the  polar 
distance  of  Polaris  is  about  1  degree  7  minutes.  Because  of 
its  being  so  close  to  the  true  pole  that  its  relative  motion  is 
slow,  it  apparently  remains  at  elongation  for  15  or  20  minutes, 
allowing  sufficient  time  for  precise  observation.  The  astro- 
nomical theory  involved  is  a  part  of  the  general  case  outlined 
under  East  and  West  Stars,  but  computation  of  the  azimuth 
at  elongation  is  not  necessary  as  every  ephemeris  contains 
tables  giving  these  values,  computed  for  all  possible  latitudes 
and  for  the  slight  variations  in  declination  in  the  course  of 
every  year. 

Due  to  the  small  polar  distance  of  the  star,  variations  of  a 
few  minutes  in  the  estimated  latitude  of  observation  have  but 
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an  insignificant  effect  upon  the  azimuth,  so  that  with  only 
an  approximate  knowledge  of  the  latitude  and  without  ref- 
erence to  time  this  method  permits  observations  with  all  the 
precision  which  the  manipulation  of  the  instrument  allows. 
Hence  it  is  frequently  referred  to  and  generally  considered  to 
be  the  most  precise  method  of  transit  observation. 

Practical  Considerations. — The  processes  involved  in  making 
this  observation  may  be  divided  into  the  following  steps: 
(a)  estimating  the  time  of  elongation;  (b)  sighting  on  the  star 
and  following  it  to  elongation;  and,  (c)  determining  true  north 
from  the  observed  point  of  elongation. 

(a)  Estimating  time  of  elongation.  Whenever  an  ephem- 
eris  of  any  kind  is  available  it  will  be  found  to  contain  a  table 
giving  the  times  of  elongation  of  Polaris.  In  the  absence  of  ail 
ephemeris  of  any  kind  one  may  closely  estimate  the  time  at 
which  it  will  occur  by  the  positions  of  the  stars  near  the  pole^ 
as  will  be  described  under  (b),  or  the  time  of  west  elongation 
may  be  estimated  from  the  following  approximate  description 
of  its  movement.  About  the  middle  of  January  west  elonga- 
tion occurs  at  midnight,  then  becoming  4  minutes  earlier  each 
successive  night  until  it  occurs  about  the  middle  of  April  at 
6KX)  p.  M.,  noon  during  the  middle  of  July,  and  6KX)  a.m.  the 
middle  of  October.  East  elongation  will  always  be  very 
nearly  twelve  hours  different.  This  means  that  during  the 
winter  months  the  night  elongation  comes  at  inconvenient 
times,  while  during  the  summer  months  (April,  May,  and  June) 
both  elongations  occur  before  it  is  entirely  dark.  This  matter 
of  inconvenience  is  the  only  defect  of  this  method.  With  a 
good  transit  the  star  may  be  located  in  the  day  time  by  laying 
off  the  direction  and  elevation  to  it,  while  at  dusk  it  is  some* 
times  even  more  easily  followed  than  when  entirely  dark,  as 
there  still  remains  light  enough  to  make  the  crosshairs  visible. 

(b)  Sighting  on  the  star.  While  the  other  circumpolar 
stars  are  rather  dim,  Polaris  is  bright,  stands  alone,  and  is 
easily  identified.  The  elevation  of  the  star  above  the  hori- 
zontal is  the  same  as  the  latitude  of  the  observer.  This 
altitude,  with  even  an  approximate  compass  north,  will  locate 
the  star.  Another  way  is  to  extend  the  line  of  the  two  outer 
stars  of  the  bowl  of  the  Big  Dipper,  from  the  top  of  the  bowl, 
about  five  times  the  distance  between  the  stars,  to  Polaris. 
On  a  clear  night  Polaris  can  be  seen  to  be  the  end  star  at  the 
handle  of  a  very  similar,  but  smaller.  Little  Dipper.  Almost 
directly  beyond  Polaris  from  the  Big  Dipper  and  about  the 
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same  distance  away  is  the  five-star  constellation  in  the  form 
of  a  letter  W,  with  the  top  toward  Polaris,  the  brightest  star 
being  the  final  one  of  the  W.  These  witness  stars  easily  locate 
Polaris  at  any  time  of  the  year.  The  position  of  the  true 
pole  with  reference  to  Polaris,  which  will  indicate  the  approxi- 
mate time  to  an  elongation,  may  be  closely  estimated  by  remem- 
bering that  the  true  pole  is  practically  in  the  line  between 
Polaris  and  the  star  at  the  end  of  the  handle  of  the  Big  Dipper. 
As  the  end  star  of  the  Big  Dipper  handle  approaches  a  position 
due  west  of  Polaris  the  latter  is  approaching  eastern  elongation, 
and  vice  versa.  This  will  give  a  close  approximation  to  the 
time  of  elongation. 

South  of  Lat.  20  N.  Polaris  is  too  low  for  general  use,  but 
from  Lat.  20  N.  to  45  N.  it  is  easily  observed.  For  higher 
latitudes  the  usual  type  of  transit  construction  does  not  per- 
mit direct  observation,  errors  due  to  lack  of  adjustment  of 
the  instrument  rapidly  increase  in  magnitude,  and  the  use  of 
this  method  is  generally  unsatisfactory,  so  that  its  zone  of 
usefulness  may  be  said  to  lie  between  latitudes  20^  N.  and 
45°  N.  The  southern  hemisphere  is  not  so  fortunately 
favored  with  a  bright  star  approximately  at  the  pole. 

Having  pointed  the  vertical  crosshair  at  the  star  perhaps 
20  minutes  before  the  scheduled  time  of  elongation,  follow 
the  star  with  the  vertical  hair  until  it  apparently  ceases  to 
move  in  azimuth.  At  east  elongation  it  will  appear  to  be 
ascending  the  vertical  hair  for  about  15  minutes  and  then 
start  moving  slowly  back  in  azimuth.  At  west  elongation  it 
will  behave  similarly,  moving  downward.  During  this  15 
minutes  that  the  star  is  apparently  stationary  in  azimuth 
several  pointings  to  it  may  be  made.  In  latitude  40°  the 
azimuth  changes  only  about  one  minute  during  the  half  hour 
preceeding  or  following  the  elongation,  and  practically  all  of 
that  azimuth  motion  occurs  in  the  last  third  of  that  half  hour 
since  the  movement  varies  as  the  square  of  the  time  from 
elongation.  In  making  the  observations,  the  angle  from  star 
to  mark  may  be  read,  but  a  more  satisfactory  way  is  simply 
to  depress  the  telescope  from  the  pointing  at  the  star  and 
mark  the  line  on  the  ground,  making  pointings  with  the 
telescope  both  direct  and  inverted.  The  marks  established 
by  this  set  of  two  pointings  need  not  necessarily  agree  exactly; 
the  difference  is  due  to  the  errors  of  adjustment,  largely,  and 
the  average  should  be  used.  There  will  usually  be  time  for  a 
second  or  even  a  third  set  of  pointings.    The  more  carefully 
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made  pointings  the  better,  for  the  precision  attainable  by  this 
method  is  only  limited  by  the  dexterity  with  which  the  tele- 
scope may  be  pointed  at  the  star  and  the  lines  marked  upon 
the  ground.  At  any  later  and  more  convenient  time  the  true 
north  line  may  be  laid  off  from  the  line  to  elongation  estab- 
lished on  the  ground. 

(c)  Determining  true  north  by  laying  off  the  azimuth 
angle  may  be  done  either  with  the  transit,  using  the  repetition 
angle  method,  or  by  laying  off  the  tangent  of  the  angle  with 
the  tape.  The  value  of  the  azimuth  angle  may  always  be 
found  in  any  ephemeris.  In  the  absence  of  an  ephemeris  the 
angle  may  easily  be  computed  from  the  following  relation: 

.              sine  of  polar  distance 
sme  of  az.    = — f-: — ; — -— — 

cos  of  latitude  of  observation. 

The  polar  distance  (90**  —  the  declination)  is  slowly  decreas- 
ing about  15"  per  year,  through  a  cycle  which  for  1919  is 
represented  by  the  following  critical  points;  Feb.  1,  p.d.  = 
JO  7/  14//^  ^jjgjj  increasing  to  1**  7'  46"  at  the  end  of  June,  then 

decreasing  to  1**  6'  58"  at  the  end  of  Dec.  At  any  time  of  the 
year  a  close  approximation  may  be  made,  probably  within 
10  seconds,  giving  a  result  well  within  the  probable  precision 
of  the  instrument  work.  An  error  of  one  minute  in  the  lati- 
tude only  causes  an  error  of  one  second  in  the  azimuth  angle. 
For  most  purposes  it  will  be  sufficiently  precise  to  compute 
the  azimuth  in  seconds  by  dividing  the  polar  distance  in 
seconds  by  the  cosine  of  the  latitude.  Thus,  for  an  observa- 
tion at  Lat.  40^,  made  on  April  1,  1919  the  azimuth  at 
elongation  would  be, 

r  T  30"  (estimated)      4050" 

cos  40°  =  .  76605  =  ^^^"  "  ^'  ^^'  ^" 

The  ephemeris  gives  the  declination  for  April  1,  1919  as  88"^ 
52'  33",  from  which  the  polar  distance  would  be  V  7'  27". 
For  the  indicated  declination  the  azimuth  angle  in  Lat.  40° 
is  given  by  the  ephemeris  as  1°  28'  3.2",  showing  that  the 
approximate  method  gives  all  precision  needed  for  any  work 
with  a  transit. 

Careful  consideration  indicates  that  the  time  element — 
waiting  for  an  elongation — ^is  practically  the  only  unfavorable 
criticism  of  this  method  between  Lat.  20°  N.  and  45°  N.  The 
entire  observation  and  the  laying  out  of  the  true  north  and 
south  line  may  be  made  without  any  tables  or  information 
other  than  a  knowledge  of  the  principles  outlined  in    this 
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discussion,  and  with  as  great  a  precision  as  desired.  Observa- 
tion is  easy,  no  angles  need  be  read  at  night,  and  but  little 
knowledge  of  astronomy  is  required. 

Polaris  at  Culmination 

Theory. — A  vertical  plane  through  the  observing  instru- 
ment and  the  true  north  pole  is  intersected  by  the  path  of 
Polaris  at  the  points  of  culmination.  Hence  if  the  star  be 
followed  with  the  vertical  crosshair  of  the  telescope  until  it 
is  at  a  point  of  culmination,  the  line  of  sight  will  lie  in  a  true 
north  and  south  plane.  To  determine  the  point  of  culmina- 
tion the  mean  local  time  at  which  it  will  occur  at  the  longitude 
of  the  observer  must  be  obtained,  usually  from  an  ephemeris. 
The  relation  between  the  mean  local  time  and  watch  time, 
standard  time,  must  then  be  known,  and  the  star  is  followed 
until  the  computed  watch  time  of  culmination  occurs,  when 
all  azimuth  motion  is  stopped  and  the  line  of  sight  is  presumably 
pointing  true  north. 

Practical  Considerations. — ^The  procedure  is  as  follows: 
(a)  computing  the  watch  time  of  culmination;  (b)  following 
the  star  until  the  indicated  time,  and  (c)  establishing  the  north 
line  on  the  ground. 

(a)  Watch  time  of  elongation.  Any  ephemeris  will  give 
the  time  of  culmination,  usually  the  upper  culmination,  for 
each  day  of  the  year.  The  lower  culmination  may  just  as 
well  be  used,  and  the  time  of  it  will  be  11  hours  58  minutes 
different  from  adjacent  upper  culmination.  Usually  the 
ephemeris  will  give  this  in  mean  time,  at  Greenwich,  which  is 
standard  time  at  0^  Longitude.  If  given  in  apparent  time 
the  equation  of  time  must  be  applied  to  obtain  mean  time. 
The  mean  local  time  of  this  culmination  at  the  place  of  observa- 
tion must  then  be  computed.  It  will  be  a  matter  of  a  few 
minutes  earlier  than  at  Greenwich,  the  difference  being  that 
proportional  part  of  4  minutes  represented  by  the  ratio  of  the 
longitude  of  the  observer  west  from  Greenwich  to  360  degrees. 
Applying  this  correction  to  the  ephemeris  time  gives  the  mean 
local  time  of  culmination  at  the  point  of  observation.  The 
difference  between  this  time  and  standard  time  will  be  4 
minutes  times  the  difference  of  longitude  of  the  central  meri- 
dian of  the  time  belt  in  which  the  observer  is  located,  and  the 
longitude  of  the  observer.  Mean  local  time  will  be  this  amount 
earlier  if  the  observer  is  west  of  the  central  meridian,  and 
later  than  standard  time  if  the  observer  is  to  the  east.    Apply- 
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ing  this  difference  will  give  the  standard  time  of  culmination. 
If  **daylight-8aving"  time  is  used  allowance  must  be  made 
for  this  also,  (b)  Having  computed  this  time  data,  and  having 
a  watch  set  to  standard  time,  the  star  should  be  followed  with 
the  vertical  hair  of  the  telescope  until  the  indicated  time, 
azimuth  motion  stopped  and  the  line  of  sight  marked  on  the 
ground.  There  will  be  no  time  to  take  a  reversed  sight,  as 
the  star  is  moving  in  azimuth  at  the  rate  of  one  minute  of 
arc  in  three  minutes  of  time.  Hence  care  in  the  calculation 
and  the  calling  of  time  are  essential.  This  limitation  of  the 
whole  observation  to  one  sight,  which  in  itself  cannot  be  made 
with  the  precision  of  a  pointing  on  a  stationary  object,  rather 
casts  suspicion,  or  at  least  gives  a  feeling  of  uncertainty  and 
lack  of  confidence,  upon  the  one  pointing  obtained.  If  any 
slip  of  manipulation  of  the  instrument  should  occur,  or  the 
crosshairs  not  be  sufficiently  illuminated  at  the  exact  time,  or 
any  one  of  a  number  of  the  usual  unexpected  but  ever-present 
circumstances  arise,  the  entire  observation  is  liable  to  be  a 
complete  failure. 

(c)  If  the  observation  is  successful  in  every  way  the  tele- 
scope will  be  pointing  true  north,  and  a  point  may  be  perma- 
nently marked  on  the  ground.  This  part  of  it  is  simple. 
While  in  theory  the  method  is  plausible,  in  practise  it  is  found 
to  be  of  little  value  and  very  seldom  used. 

Polaris  at  Any  Hour  Angle 

Theory. — Observations  on  Polaris  may  be  made  and  the 
astronomical  triangle  solved  according  to  the  general  case 
covering  all  fixed  stars,  as  outlined  under  East  and  West 
Stars,  Altitude  Method.  But  because  of  the  relatively  small 
orbit  of  the  star,  tables  may  be  prepared  from  the  theoretical 
astronomy  involved  by  means  of  which  the  azimuth  of  the 
star  may  be  more  easily  obtained  at  any  time  without  measur- 
ing the  angle  of  elevation  of  the  star,  resulting  in  less  computa- 
tion and  greater  precision.  This  hour  angle  method  is  per- 
haps the  most  commonly  used  one  between  latitudes  20^  N. 
and  45^  N. 

To  an  observer  Polaris  apparently  travels  counterclock- 
wise along  a  circular  path  the  center  of  which  is  the  true  pole. 
When  the  star  is  directly  above  the  true  pole,  at  upper  cul- 
mination, its  hour  angle  is  arbitrarily  said  to  be  zero.  An 
hour  later  it  will  appear  to  be  about  20  minutes  of  arc  west 
and  slightly  below  its  position  at  zero  hour  angle,  and  the 
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star  is  then  said  to  be  an  hour  angle  one.  This  convention 
of  measuring  the  angular  travel  of  the  star  by  the  elapsed 
time  after  upper  culmination  is  continued  until  the  point  of 
lower  culmination  is  reached,  which  point  would  have  an 
hour  angle  of  11  hr.  58  min.  2  sec.  since  the  star  circuit  is 
made  in  3  min.  56  sec.  less  time  than  the  mean  solar  day. 
As  the  star  continues  its  motion  on  the  second  half  of  the 
orbit  the  hour  angle  is  the  angle  measured  clockwise  from 
the  point  of  upper  culmination  to  the  position  of  the  star,  so 
that  the  hour  angle  can  never  exceed  11  hr.  58  min.  2  sec, 
and  is  always  measured  from  the  nearest  upper  culmination. 

In  making  an  observation  the  horizontal  angle  between 
some  mark  and  the  star  is  measured  and  the  time  of  observa- 
tion is  noted.  By  consulting  an  ephemeris  of  Polaris  for  the 
current  year  the  time  of  the  upper  culmination  nearest  to 
the  time  of  observation  and  the  declination  at  that  time  may 
be  obtained.  This  time  of  upper  culmination  will  be  given 
for  some  standard  meridian,  as  Greenwich  or  Washington, 
D.C.  In  any  case  it  must  be  corrected  to  give  the  time  of 
upper  culmination  at  the  longitude  of  observation.  This 
correction  is  the  proportional  part  of  four  minutes  (the  star 
circuit  is  this  amount  shorter  than  the  mean  solar  day)  repre- 
sented by  the  ratio,  to  360°,  of  the  difference  in  longitude  of 
the  place  of  observation  and  the  standard  meridian.  That  is, 
if  the  place  of  observation  were  90**  west  of  the  standard 
meridian  of  the  ephemeris,  the  time  of  upper  culmination  would 
be  90**/360'*  times  4  min.  =  1  minute  earlier  at  the  place  of 
observation  than  the  time  given  in  the  ephemeris.  This 
nearest  upper  culmination  need  not  be  on  the  same  civil  day 
as  the  observation.  The  difference  in  time  between  this 
nearest  upper  culmination  at  the  place  of  observation  and  the 
actual  time  of  observation,  both  in  the  same  system  of  time 
— mean  local  time,  usually — is  the  desired  hour  angle  of 
Polaris.  The  three  items  now  known  are;  hour  angle  and 
declination  of  Polaris  at  the  time  of  observation,  and  the  lati- 
tude of  observation. 

General  hour  angle  tables  are  usually  available  in  any 
ephemeris  by  means  of  which,  knowing  these  three  quantities, 
the  azimuth  of  the  star  from  the  meridian  at  the  time  of 
observation  may  be  determined  by  a  triple  interpolation, 
which  constitutes  practically  all  the  computation  necessary 
with  this  method.  Having  this  azimuth  angle  and  the  angle 
from  mark  to  star  at  the  time  of  observation,  properly  com- 
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bining  the  two  gives  the  angle  from  the  mark  to  the  meridian. 
This  triple  interpolation  process  is  considered  by  some  to 
be  4iff cult  to  remember  and  unsatisfactory  for  only  occasional 
use.  It  is  but  little  more  work  to  compute  the  azimuth  angle, 
A,  directly,  knowing  the  three  quantities  just  mentioned,  as 
follows:  convert  the  computed  hour  angle,  in  hours,  minutes, 
and  seconds,  into  degrees,  minutes  and  seconds  of  arc  by  the 
ratio  of  1  hour  of  time  equals  15  degrees  of  arc.  Then  solve 
the  following  formula,  which  is  not  as  formidable  as  it  looks, 
for  the  azimuth  angle,  A. 

sec  lat.  X  cot  decl.  X  sin  hour  angle 
tan  A  *5    -^ ■ — . 

1  —  (tan  lat.  X  cot  decl.  X  cos  hour  angle). 

sin  hour  angle 

"  cos  lat.  X  tan  decl.  —  sin  lat.  X  cos  hour  angle 

Practical  considerations. — The  procedure  to  be  carried  out 
in  making  an  hour  angle  observation  consists  of  the  following 
steps:  (a)  field  work  of  observation,  (b)  computation  of  hour 
angle,  and  (c)  computation  of  azimuth  angle  from  mark  to 
true  north. 

(a)  Field  work  of  observation.  Means  of  locating  Polaris 
and  of  approximately  determining  its  position  on  its  orbit 
are  given  in  "Polaris  at  Elongation."  Estimating  the  approxi- 
mate hour  angle  will  also  help  in  roughly  checking  the  proper 
sense  and  value  of  the  computations.  Some  permanent 
mark,  visible  at  night,  should  be  selected  and  used  as  a  reference 
point  for  all  observations,  from  which  the  azimuth  angle  to 
the  star  will  be  read  and  from  which  the  azimuth  angle  to 
true  north  will  be  computed.  With  the  plates  reading  zero 
when  the  telescope  is  pointed  at  the  mark,  read  the  azimuth 
to  the  star,  once  with  the  telescope  direct  and  once  with  it 
inverted.  Then  check  back  on  the  mark  with  the  telescope 
still  inverted.  This  constitutes  a  simple  "set"  of  readings, 
and  if  performed  with  only  reasonable  care  and  with  an  ordi- 
nary transit  the  precision  to  be  expected  of  the  results  is 
probably  represented  by  the  nine  "sets"  on  Plate  I,  where 
the  maximum  error  for  two  pointings  amounts  to  26  seconds 
and  the  probable  error  about  15  seconds.  One  "set"  would 
represent  the  minimum  amount  of  field  work,  to  be  made  use 
of  in  case  of  haste,  partial  obscurity  of  the  star,  etc.  Time 
permitting,  more  "sets"  should  be  run,  both  for  the  additional 
precision  of  the  average  and  as  a  check  on  the  results  to  be 
used.    When  two  or  three  "sets"  are  taken  it  is  usual  to  average 
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all  the  observed  times  and  the  observed  angles  and  compute 
the  azimuth  for  these  averages.  If  the  observations  are 
fairly  uniformly  spaced  over  not  to  exceed  fifteen  minutes  of 
time  the  slight  curvature  of  the  path,  as  differing  from  the 
straight  line  assumed  when  averages  are  used,  will  introduce 
an  error  of  but  a  few  seconds,  appreciable  for  precise  work, 
however.  Neglecting  the  theoretical  advantages  of  working 
each  observation  separately,  it  has  its  practical  advantages 
in  giving  independent  checks  on  the  computations  and  in 
showing  the  deviations  of  the  several  "sets",  from  which  a 
probable  error  may  be  roughly  estimated.  An  occasional 
error  in  arranging  the  pointings  for  an  observation  by  this 
method  consists  in  taking  twice  as  many  pointings  at  the  star 
as  of  angle  readings  to  the  mark,  which  is  not  necessary  nor 
desirable,  as  the  telescope  can  be  pointed  at  the  star  with 
greater  precision  than  the  angle  can  be  read,  and  any  error 
in  the  latter  enters  the  final  result  at  its  full  value. 

(b)  Computation  of  the  hour  angle  has  already  been 
covered. 

(c)  Computing  the  azimuth  angle  from  mark  to  true  north 
may  be  done  in  several  ways,  triple  interpolation  among  the 
three  variables  being  in  common  use.  As  usually  arranged 
these  tables  set  forth  variations  in  hour  angle  under  tabular 
values  of  declination,  and  adjacent  thereto  is  tabulated  the 
azimuth  angles  corresponding,  for  certain  latitudes.  The 
first  interpolation  is  to  determine  bracketing  values  of  hour 
angle  for  actual  declination  at  the  time  of  observation.  This 
requires  two  simple  interpolations,  one  between  hour  angles 
slightly  greater  than  the  computed  one  and  one  between  hour 
angles  slightly  less.  Then  do  two  similar  simple  interpola- 
tions between  tabulated  values  of  azimuth  angle  correspond- 
ing to  the  bracketing  values  of  hour  angle  which  were  used, 
for  latitude  at  the  place  of  observation,  the  interpolated 
azimuth  angles  being  a  bracket  similar  to  the  hour  angle 
bracket.  The  computed  hour  angle  lies  within  the  latter 
bracket,  and  the  desired  azimuth  angle  lies  within  the  azimuth 
bracket  established,  and  the  proportion  is  the  same  in  each 
case.  Computing  the  azimuth  angle  by  this  proportion,  and 
applying  it  correctly  to  the  angle  read  from  mark  to  star  in 
making  the  observation,  gives  the  angle  from  mark  to  true 
north. 

The  interpolation  is  usually  made  in  a  table  giving  azimuth 
to  minutes  and  tenths.     For  greater  precision  a  solution  of 
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the  formula  would  be  required.  Various  tables  arranged  for 
interpolation  between  two  of  the  unknowns,  with  a  correction 
factor  to  be  applied  for  the  variations  of  the  third,  have  been 
devised  to  take  the  place  of  the  troublesome  interpolation. 
Also,  diagrams  may  be  constructed  from^which  by  a  certain 
procedure,  the  azimuth  angle  may  be  read  directly.  All  these 
devices,  like  attachments  to  instruments,  are  labor  saving 
devices  which  are  mainly  useful  to  those  doing  this  work  with 
sufficient  regularity  so  that  their  use  becomes  second  nature. 
If  observations  are  infrequently  made  the  uncertainty  usually 
attending  the  manipulation  of  semi-mechanical  shortcuts 
outweighs  their  advantages,  and  the  computation  of  the 
formula  direct  is  more  satisfactory. 

In  general,  it  may  be  said  that  this  method  is  well  adapted 
to  quick  observation  anytime  that  stars  are  visible,  between 
latitudes  20°  N.  and  45°  N.,  and  may  even  be  used  in  the  day- 
time with  a  telescope  of  25  dig.,  or  more,  power,  with  an  object 
glass  having  an  effective  diameter  of  one  and  a  half  inches. 
A  one  "set"  observation  can  be  made  in  five  minutes  and  com- 
puted in  ten,  with  a  probable  error  of  20  seconds  or  less,  watch 
time  being  correct  within  a  minute.  Additional  time  and 
care  will  give  greater  precision,  and  the  method  is  apparently 
adapted  to  any  degree  of  precision,  having  frequently  been 
used  for  primary  triangulation  in  which  direction  is  computed 
to  a  fraction  of  a  second.  On  the  average  it  appears  to  receive 
the  most  favorable  consideration  among  standard  engineer- 
ing handbooks. 

Harvard  Attachment 
(Pickering  Attachment) 

Theory. — As  viewed  from  any  point  on  the  Earth,  Polaris 
appears  to  move  in  a  circle  about  the  true  pole.  The  radius 
of  the  circle  is  measured  in  angular  instead  of  in  linear  units, 
and  at  present  this  polar  distance  is  about  V  7\  This  means 
that  at  any  point  on  the  Earth  an  angle  of  1°  7'  is  subtended 
by  the  distance  from  the  true  pole  of  the  celestial  sphere  to 
Polaris.  In  comparison  with  the  distances  to  the  stars  any 
terrestrial  distance  is  insignificant,  and  the  difference  in  the 
position  of  the  observer  on  the  Earth  will  affect  this  polar 
distance  only  a  fractional  part  of  a  second  of  arc. 

Having  this  in  mind,  assume  that  the  line  of  sight  of  a 
transit  is  directed  toward  the  true  pole,  after  which  a  glass 
prism  is  placed  in  front  of  the  telescope.     The  prism  will 
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refract  the  line  of  sight,  that  is,  bend  it  through  an  angle,  the 
magnitude  of  the  angle  depending  upon  the  optical  design 
of  the  prism.  Apparently  the  telescope  will  not  now  be 
pointed  toward  the  pole,  altho  physically  its  position  has  not 
changed.  If  the  prism  changes  the  apparent  direction  of  the 
line  of  sight  by  F  7',  the  telescope  will  appear  to  be  pointed 
at  some  point  on  the  path  of  Polaris.  If  the  prism  is  now 
rotated  about  the  axis  of  the  telescope,  the  apparent  line  of 
sight  will  travel  along  the  path  of  Polaris,  and  eventually 
will  meet  Polaris,  at  which  time  the  telescope  will  apparently 
be  pointed  at  Polaris,  altho  if  the  prism  be  removed  the  line 
of  sight  will  still  be  pointing  to  the  true  pole. 

A  working  model  of  a  prism  attachment  similar  to  this  has 
been  developed  by  Professor  Pickering  of  Harvard  University, 
in  co-operation  with  the  Coast  Artillery  School.  The  prism, 
simply  a  wedge  shaped  piece  of  glass,  is  set  in  a  tube  resembling 
a  telescope  sunshade,  fitting  closely  the  object  glass  end  of 
the  telescope,  so  that  it  may  be  rotated  about  the  axis  of  the 
telescope.  By  turning  the  attachment  into  the  correct  posi- 
tion, and  sighting  the  telescope  upon  Polaris,  on  removing 
the  attachment  the  line  of  sight  will  be  pointed  at  the  true 
north  pole.  When  in  this  correct  position  the  axis  of  the 
prism  (a  line  parallel  to  the  thin  edge  of  the  prism)  is  perpen- 
dicular to  the  plane  containing  the  observer,  the  true  pole 
and  Polaris.  This  requires  that  before  making  an  observation 
the  attachment  must  be  rotated  until  the  axis  described  is 
perpendicular  to  this  plane. 

At  present  the  easiest  way  of  meeting  this  requirement 
appears  to  be  to  line  up,  with  Polaris  and  some  other  star,  a 
short  metal  straight-edge  rigidly  attached  to  the  sleeve  con- 
taining the  prism.  The  straight-edge  is  attached  so  that  it 
makes  the  proper  angle  with  the  axis  of  the  prism,  which  is  a 
matter  of  astronomical  computation.  With  this  arrange- 
ment, the  straight-edge  is  lined  up  with  the  stars  chosen  by 
rotating  the  attachment,  with  the  proper  star  at  its  respective 
end  on  the  bar.  The  crosshairs  of  the  telescope  are  then 
directed  at  Polaris,  the  attachment  carefully  removed  and 
the  unrefracted  line  of  sight  established  upon  the  ground,  or 
the  angle  read  to  a  reference  mark. 

Practical  operation. — Numerous  tests  with  the  model  give 
satisfactory  results  and  indicate  that  it  is  easy  to  attach  and 
manipulate,  and  not  subject  to  most  of  the  short-comings  of 
attachments  in  genftral.     Of  the  twelve  trials  listed  on  Plate  I, 
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the  maximum  error  was  two  minutes  and  the  average  was 
forty  seconds.  The  tests  were  made  without  using  particular 
care,  in  order  to  determine  what  errors  might  be  introduced 
by  poorly  lining  the  straight-edge  and  by  placing  and  removing 
the  attachment  with  varying  degrees  of  dexterity.  After 
putting  it  through  these  tests  it  appeared  certain  that,  knowing 
the  characteristics  of  the  particular  attachment,  careful  use 
should  give  consistent  and  dependable  results,  with  a  maxi- 
mum error  of  one  minute  in  any  one  pointing  and  a  probable 
error  of  20"  in  the  average  of  several  pointings  taken  at  dif- 
ferent times  of  the  night.  Apparently  the  weak  point  of  the 
present  model  is  in  the  lining  up  of  the  straight-edge  with  the 
stars  selected.  Any  light  thrown  on  the  metal  edge  obscures 
the  stars  and  when  the  eyes  are  focused  on  the  stars  the  edge 
does  not  stand  out  sharply.  It  is  probable  that  a  long,  narrow 
slot,  like  the  sighting  slot  of  a  surveying  compass,  might  be 
easier  to  use.  Errors  or  misjudgement  in  lining  have  their 
greatest  effect  when  the  star  is  near  culmination,  but  on  the 
other  hand  the  effect  of  poor  optical  construction  of  the  selec- 
tion of  the  proper  color,  as  described  further  along,  are  greatest 
near  elongation.  While  the  principle  of  reversion  may  be  applied 
to  the  transit  when  the  attachment  is  used,  it  cannot  be  applied 
to  the  attachment  itself,  so  that  the  best  way  of  compensating 
for  errors  of  this  kind  seems  to  be  to  average  the  results  ob- 
tained from  observations  on  opposite  sides  of  the  meridian. 

Mention  was  made  in  the  preceding  paragraph  of  knowing 
the  characteristics  of  the  particular  attachment  to  be  used. 
Like  any  other  attachment  there  are  liable  to  be  slight  defects 
of  construction  which  should  be  known  and  allowed  for,  but 
even  assuming  perfect  workmanship  present  indications  are 
that  the  life  of  an  attachment  will  be  only  a  few  years,  due  to 
the  fact  that  the  angle  through  which  the  line  of  sight  is  to 
be  refracted  is  changing  at  a  slow  but  rather  uniform  rate. 
The  precession  of  the  poles  is  causing  a  decrease  in  the  polar 
distance  of  about  20"  per  year,  for  the  true  pole  is  moving 
across  the  heavens  counterclockwise  in  approximately  a  circle 
nearly  sixty  degrees  in  diameter,  requiring  about  25,000  years 
to  complete  the  cycle.  The  change  per  year  is  about  50". 
At  present  the  pole  is  about  F  7'  from  Polaris  and  moving 
closer  and  in  a  little  less  than  a  century  will  be  at  the  closest 
point,  about  30'  distant.  The  Nutation  of  the  axis  takes 
place  in  a  more  or  less  regular  cycle  of  19  years  duration, 
the  maximum  change  in  the  cycle  being  nine  seconds.    The 
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third  variation  of  a  magnitude  is  caused  by  the  aberration 
of  light  due  to  the  orbital  velocity  of  the  Earth.  This  results 
in  a  yearly  cycle  in  the  variations  of  the  polar  distance,  and 
the  stars  near  the  poles  are  the  ones  most  affected.  As  a 
result  of  these  three  variables  of  appreciable  magnitude,  and 
of  several  others  having  less  effect,  the  declination  of  Polaris 
for  the  year  1919  varies  from  88°  52'  45"  down  to  88°  52'  16" 
and  then  up  to  88°  52'  62".  All  tables  make  provision  for 
these  variations  and  as  an  instrument  of  precision  this  attach- 
ment should  do  the  same. 

When  viewed  through  the  prism,  Polaris  appears  as  a  thin 
spectrum  about  one  minute  in  length,  so  that  by  a  judicious 
use  of  the  various  colors  of  the  spectrum  at  various  times  of 
the  year,  as  might  be  determined  by  experiment  and  computa- 
tion, allowance  could  be  made  for  these  variations  up  to  the 
extent  of  one  minute  of  arc,  which  would  take  care  of  several 
years  changes  in  declination.  This  would  then  be  the  life  of 
the  attachment,  unless  some  adjustment  might  be  devised. 
But  on  an  instrument  of  this  type  it  is  generally  agreed  that 
atiy  possible  movement  of  the  prism  would  only  lead  to  uncer- 
tainty, and  any  change  in  the  refraction  should  be  made  by 
an  instrument  manufacturer  only.  Consequently,  these  instru- 
ments are  hardly  adapted  to  only  intermittent  use,  by  various 
observers,  but  would  be  extremely  serviceable  to  anyone  mak- 
ing frequent  observations  and  fully  understanding  the  char- 
acteristics of  one  particular  attachment  and  the  allowances 
to  be  made  at  any  time. 

Solar  Observations — Equal  Altitudes 

Theory. — The  principles  involved  are  identical  with  those 
of  the  first  method  described.  Equal  Altitudes  of  a  Star. 
Using  this  method  with  the  sun  is  a  special  case  in  that  an 
additional  complication,  due  to  the  changing  declination  of 
the  sun,  is  involved.  By  applying  a  correction  for  this  factor, 
the  method  may  be  applied  the  same  as  for  stars.  The  observa- 
tion is  similar,  the  total  angle  is  bisected  and  then  the  cor- 
rection is  applied  to  the  direction  of  the  bisector,  being  a  small 
computed  angle  determined  as  follows: 

Note  carefully  the  watch  time  of  both  a.m.  and  p.  m.  obser- 
vations, not  for  exact  time  but  in  order  to  determine  the 
elapsed  time  between  observations  as  closely  as  possible. 
From  an  ephemeris  for  any  year  obtain  the  variation  in  declina- 
tion, in  seconds  change  per  hour  of  time,  for  the  time  of  the 
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year  the  observations  are  taken.  Multiply  this  value,  in 
seconds,  by  the  elapsed  time  between  observations,  in  hours, 
calling  the  product  "D".  Convert  half  the  elapsed  interval 
of  time  between  observations  into  equivalent  degrees,  minutes, 
and  seconds  of  arc,  calling  it  *T",  the  hour  angle  of  the  sun. 
Let  "L"  be  the  latitude  of  the  place  of  observation.     Then, 

D 

correction  angle  =  H  X  t    v^    • — ^ 

^  ^       cos  L  X  sin  P 

If  the  sun  is  observed  from  a  point  to  the  north  of  it  the 
bisector  of  the  total  angle  will  extend  south  of  the  observer. 
If  the  sun  is  moving  to  the  north,  true  south  is  to  the  east  (left) 
of  the  bisector  of  the  angle,  and  vice  versa. 

Practical  Considerations. — The  easiest  way  of  observing 
is  to  project  the  image  of  the  sun  onto  a  piece  of  white  paper 
held  several  inches  back  of  the  eyepiece  end  of  the  telescope. 
If  a  colored  eyepiece  is  available  direct  observation  may  be 
used,  but  probably  with  no  better  results.  Rather  than  try 
to  center  the  sun  on  the  crosshairs,  bring  the  horizontal  hair 
tangent  to  the  lower  edge  of  the  sun's  disk  or  image,  and  keep 
it  there  with  the  slow  motion  screw  until  the  sun  has  moved 
tangent  to  the  vertical  crosshair.  Then  read  and  record  time, 
vertical  angle  and  horizontal  angle.  When  the  sun  approaches 
the  same  altitude  in  the  west,  follow  it  in  azimuth  with  the 
vertical  crosshair  tangent  to  the  image,  but  on  the  opposite 
side  from  the  morning  observation,  keeping  the  instrument  set 
at  the  same  angle  of  elevation  as  was  read  in  the  morning. 
When  the  lower  edge  of  the  sun's  image  comes  tangent  to  the 
horizontal  hair  stop  all  motion  of  the  instrument  and  read  and 
record  time  and  horizontal  angle  and  check  the  vertical  angle. 
Then  compute  the  correction  and  apply  it  to  the  bisector  of 
the  total  horizontal  angle  included  between  the  a.  m.  and  p.  m. 
observations. 

For  good  observation  the  sun  should  be  changing  about 
as  rapidly  in  elevation  as  in  azimuth.  Several  observations 
at  convenient  variations  of  altitude  may  advantageously 
be  taken  the  same  day,  so  as  to  obtain  an  average  and  more 
precise  result.  Using  the  telescope  direct  in  the  a.  m.  and 
reversed  in  the  p.  m.  will  largely  eliminate  errors  of  adjustment. 
Altho  requiring  a  considerable  part  of  the  day  this  method 
will  give  better  results  than  either  of  the  following  more  com- 
monly used  ones. 
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Solar  Observation — Altitude  Method 

Theory. — This  method  is  only  a  special  case  of  the  general 
altitude  method  outlined  in  the  second  part  of  this  discussion, 
called,  East  and  West  Stars,  Altitude  Method.  The  three  sides 
of  a  spherical  triangle  are  obtained  either  from  observation  or 
from  tables,  and  having  these  three  sides  the  angles  may 
be  computed.  This  special  case  differs  from  the  general  case 
in  that  one  of  the  sides,  the  polar  distance  of  the  sun,  is  not 
nearly  constant  in  value  but  is  changing  at  a  variable  rate, 
requiring  the  use  of  the  time  of  observation  in  order  to  com- 
pute its  value  at  the  instant  of  observation.  This  change 
in  polar  distance  varies  from  sixty  seconds  per  hour  in  March 
and  September  to  nothing  in  June  and  December,  and  errors 
in  the  time  of  observation  will  result  in  errors  in  the  data  of 
observation  in  this  proportion. 

This  polar  distance  is  equal  to  90°  plus  or  minus  the  declina- 
tion tabulated  in  an  ephemeris,  plus  if  the  sun  is  south  of  the 
equator  and  minus  if  it  is  north.  The  declination  is  listed 
for  some  standard  meridian  and  at  a  certain  time,  usually 
noon.  The  hourly  change  is  also  given.  The  actual  difference 
in  time  between  the  time  of  observation  and  noon  at  the 
standard  meridian  must  be  computed,  from  a  knowledge  of 
the  difference  of  longitude  of  the  two  places  and  the  recorded 
time  of  observation,  remembering  to  allow  for  the  difference 
between  mean  local  time  and  standard  time  and  (daylight- 
saving)  time,  if  used.  Having  computed  this  difference, 
multiply  it  by  the  tabulated  difference  in  declination  for  one 
hour  of  time  and  apply  the  product,  with  the  correct  alge- 
braic sign,  to  the  tabulated  declination  for  the  day  at  the 
standard  meridian.  The  result  will  be  the  actual  declination 
at  the  time  of  observation,  and  combining  this  properly  with 
90**  will  give  the  polar  distance,  one  of  the  three  sides  of  the 
triangle.  The  other  two  sides  are  obtained  as  previously 
explained  under  East  and  West  Stars. 

Having  these  three  sides  the  angle  "A"  at  the  observer 
measured  from  true  north  to  the  sun  is  computed  by  either 
one  of  the  following  formulas : 


t       1/  A  -     f  sin  (S-lat)  X  sin  (S-alt) 

^  cos  S  X  cos  (S  -  polar  dist.  ) 

J ,  .    _    f  cos  S  X  cos  (S  -  polar  dist) 
^      cos  lat.  X  cos  alt. 
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In  making  the  observation  the  horizontal  angle  was  meas- 
ured from  some  convenient  permanent  mark  to  the  sun.  The 
angle  "A"  here  computed  is  the  angle  from  true  north  to  the 
sun.  Properly  combining  these  two  angles  gives  the  angle 
from  the  mark  to  true  north,  which  is  the  desired  angle,  by 
means  of  which  a  true  north  and  south  line  may  be  laid  out 
upon  the  ground,  or  the  true  azimuth  of  any  line  computed. 

Practical  Considerations. — Before  making  an  observation 
by  this  method  there  are  many  considerations  which  should 
receive  attention  in  order  that  the  work  may  be  done  as 
quickly  as  is  consistent  with  the  precision  required,  and  in 
order  that  all  parts  of  the  procedure  may  be  carried  out  with 
the  same  relative  care  and  precision.  This  method  is  not 
generally  considered  to  be  as  precise  as  star  observations,  which 
is  no  doubt  true,  but  by  giving  each  part  sufficient  thought 
greater  precision  may  be  attained  than  is  commonly  believed. 
Various  authorities  make  statements  to  the  effect  that  solar 
observations  have  a  probable  error  of  from  one  to  two  minutes. 
Single  observations  probably  do,  but  an  average  of  several 
well  planned  ones  should  give  a  result  well  within  a  minute, 
and  in  view  of  the  ease  and  convenience  of  making  the  observa- 
tions in  connection  with  field  work  it  is  worth  while  making 
the  most  of  the  method,  and  using  it  when  possible.  These 
points  may  be  grouped  under  three  heads  as  follows:  (a) 
selecting  the  time  for  observation,  (b)  methods  of  observing 
on  the  sun,  and  (c)  the  desirable  number  and  sequence  of 
pointings. 

(a)  Selecting  the  time  for  observation.  Of  the  three  sides 
of  the  triangle  to  be  solved,  the  polar  distance  will  probably 
be  the  one  known  with  the  greatest  precision.  Next  will 
come  the  latitude,  as  that  can  usually  be  obtained  from  a 
large  scale  map  well  within  a  minute.  No  map  of  this  class 
being  available,  observations  should  be  made  for  latitude. 
The  side  which  will  probably  contain  the  inaccuracies  is  the 
one  obtained  by  measuring  the  vertical  angle,  or  altitude. 
Refraction  is  often  uncertain,  the  parallax  correction  altho 
not  usually  made  enters  in  here,  the  vertical  circle  of  the  usual 
transit  is  a  much  less  reliable  part  than  the  horizontal  circles, 
as  it  is  smaller,  less  easy  to  read,  the  index  more  liable  to  be 
slightly  misplaced,  the  reading  edge  injured,  etc.  For  these 
reasons  it  is  desirable  to  have  our  astronomical  triangle  of 
such  shape  that  errors  in  the  altitude  side  will  have  the  least 
effect  on  the  angle  of  the  triangle  at  the  observer.    Having 
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a  right  angle  at  the  sun  most  nearly  meets  this  requirement. 
Due  to  the  spherical  excess,  this  will  mean  almost  as  large  an 
angle  at  the  observer.  Other  things  being  equal,  observations 
should  be  planned  at  a  time  when  a  triangle  of  this  form  may 
be  had,  or  else  the  situation  must  be  faced  by  taking  additional 
vertical  angle  readings  with  all  possible  care.  In  the  United 
States  the  form  of  the  triangle  is  particularly  bad  in  the  winter, 
as  shown  by  the  results  on  Plate  I.  All  these  figures  were 
elongated  and  sensitive  to  slight  errors  in  the  altitude  side, 
which  probably  accounts  for  part  of  the  consistent  difference 
of  the  A.  M.  and  p.  m.  observations.  Under  these  conditions 
the  precision  of  the  results  of  summer  observations  cannot  be 
expected,  but  by  averaging  a.  m.  and  p.  m.  results  a  fairly 
close  determination  may  be  made. 

It  is  also  desirable,  because  of  this  difference  in  the  ease  in 
reading  horizontal  and  vertical  angles,  to  observe  at  a  time 
when  the  sun  is  moving  at  least  as  fast  in  altitude  as  in  azimuth. 
In  this  respect  also  winter  observation  is  unfavorable  to  pre- 
cision. Refraction  is  another  element  which  plays  a  large 
and,  unfortunately,  variable  part  in  the  altitude  measure- 
ment. Below  an  elevation  of  15  degrees  satisfactory  observa- 
tions are  the  results  of  chance.  This  is  another  obstacle  to 
winter  observations  in  the  temperate  zones,  for  at  this  latitude, 
37°  N.,  the  sun  is  only  30°  high  at  midday,  and  to  obtain  an 
observation  far  enough  from  the  meridian  to  be  of  any  value  it 
must  be  made  at  a  lower  altitude  than  is  desirable.  Because 
of  all  these  difficulties  solar  observations  in  the  temperate  zones 
in  the  winter  should  be  made  only  as  checks  on  previous  work, 
and  rarely  may  be  depended  upon  for  consistent  precision 
within  a  minute.  But  in  the  tropics,  or  in  the  higher  latitudes 
in  the  summer,  the  physical  conditions  should  permit  of  reliable 
solar  work  comparable  with  star  observations  as  regards 
precision  of  results,  and  much  more  convenient  for  field  work. 

(b)  Methods  of  observing  on  the  sun,  will  usually  come 
under  one  of  the  following  four  methods,  depending  upon  the 
use  of  a  colored  glass  eyeshade  or  prism  and  the  construction 
of  the  crosshair  reticle. 

1.  The  image  of  the  sun  may  be  brought  tangent  to  the 
crosshairs,  in  one  of  the  four  quadrants  at  a  time,  by  focusing 
the  image  upon  a  piece  of  white  paper  or  a  commercial  ground- 
glass  screen,  held  a  few  inches  in  rear  of  the  eyepiece  end  of 
the  telescope.  At  the  same  time  the  crosshairs  will  need  to  be 
focussed,  also,  usually  by  extending  the  eyepiece  sleeve  as  far 
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as  possible.  In  this  way  both  the  image  of  the  sun  and  the 
shadow  of  the  hairs  will  stand  out  sharply,  and  by  using  the 
slow-motion  screws  the  sun  may  be  placed  tangent  to  the 
crosshairs,  most  easily  by  allowing  the  image  to  creep  away 
from  one  hair  while  keeping  the  other  just  tangent  to  it,  and 
stopping  all  movement  at  the  instant  the  image  leaves  the  first 
hair.  If  the  paper  screen  be  held  in  place  by  an  improvised 
wire  holder,  this  makes  an  easy,  convenient,  and  precise  method 
of  obtaining  tangency,  for  the  observer  is  standing  in  a  natural 
position  and  far  enough  from  the  screen  so  that  his  eyes  can 
watch  the  whole  area  of  the  image  without  strain.  The 
image  is  larger  than  that  seen  when  looking  directly  at  the 
sun  and  better  definition  is  possible.  By  this  means  it  is 
believed  that  observations  can  be  made  fully  as  closely  as 
the  vertical  circle  can  be  read. 

2.  Some  reticles  have  special  crosshairs  arranged  in  the 
form  of  a  square  or  rectangle  symmetrical  about  the  center 
of  the  telescope,  the  size  of  the  figure  being  so  designed  that 
the  image  of  the  sun  will  extend  beyond  the  edges  very  slightly. 
The  sun  is  then  centered  at  each  observation,  and  the  image 
on  the  screen  must  be  maneuvered  by  the  use  of  both  slow- 
motion  screws  until  it  is  centrally  placed  on  the  shadow  of 
the  hairs.  This  requires  considerable  dexterity,  and  on  the 
average  it  is  not  believed  that  the  observations  so  made  are 
as  precise  as  those  made  by  the  tangent  method.  At  first 
thought  it  might  seem  that  this  device  would  save  the  four 
pointings  of  the  tangent  method,  but  on  the  other  hand  de- 
creasing the  number  of  pointings  is  not  desirable,  for  the 
more  pointings  that  are  made  the  more  probable  will  the 
errors  of  observation  compensate  and  give  better  values  for 
the  vertical  angle. 

3.  Either  of  the  two  means  just  explained  may  be  used 
for  direct  vision  through  the  telescope,  by  attaching  a  colored 
plane  eyepiece  or  a  colored  prism  eyepiece.  Using  either  of 
these  attachments  requires  the  observer  to  be  in  a  cramped 
and  uneasy  position,  particularly  when  the  sun  is  high.  Also, 
there  is  usually  a  slight  movement  or  haziness  to  the  edge 
of  the  sun  and  the  sharp  definition  of  the  image  on  the  paper 
is  lacking.  In  a  high  power  telescope  the  image  of  the  sun, 
viewed  directly,  covers  nearly  the  entire  field,  and  it  is  prac- 
tically impossible  to  watch  all  four  sides  and  receive  instan- 
taneous impressions,  and  even  two  sides  are  watched  with 
difficulty.     When  the  image  is  caught  on  a  screen  the  observer 
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stands  far  enough  away  so  that  the  whole  figure  is  watched 
easily,  and  without  eyestrain  and  the  consequent  decrease  in 
accuracy  of  perception.  It  is  believed  that  the  tangent-image 
method  will  be  found  most  satisfactory. 

(c)  The  desirable  number  and  sequence  of  pointings. 
The  most  simple  observation  would  consist  of  one  pointing  at 
the  sun,  with  a  check  back  on  the  mark,  giving  two  readings  of 
the  horizontal  angle,  one  of  the  vertical  angle  and  one  attempt 
at  estimating  the  direction  of  the  sun.  This  is  far  from  a 
well  balanced  observation,  but  in  case  of  clouds  it  might  be 
all  that  could  be  had.  It  could  be  used  by  correcting  both 
the  azimuth  and  the  vertical  angle  for  the  semi-diameter  of 
the  sun,  assuming  the  tangent-limb  pointing  to  have  been 
used.  The  semi-diameter  varies  but  little  throughout  the 
year,  being  as  follows: 

January  and  December 16. 25  min. 

February  and  November 16. 20      ** 

March  and  October 16.10      " 

April  and  September 15. 95      " 

May  and  August 15 .  85      " 

June  and  July 15.75      "* 

Having  only  one  pointing,  the  vertical  angle  would  be  cor- 
rected by  applying  the  full  amount  of  the  semi-diameter  given 
above,  and  the  azimuth  angle  would  be  corrected  by  applying 
this  semi-diameter  multiplied  by  the  secant  of  the  corrected 
altitude  angle.  This  would  reduce  the  observed  values  to 
the  center  of  the  sun,  and  computation  might  give  results 
approximately  correct,  but  not  reliable. 

The  least  number  of  pointings  should  be  two,  consisting 
of  a  direct  and  a  reversed,  or  inverted,  sight,  placing  the  image 
of  the  sun  in  opposite  quadrants,  and  checking  back  on  the 
mark.  Inversion  largely  compensates  for  errors  of  adjust- 
ment, while  using  diagonally  opposite  quadrants  gives  an 
average  value  which  represents  the  center  of  the  sun.  But 
this  is  out  of  proportion  in  that  there  are  two  readings  each 
of  the  horizontal  and  the  vertical  angles,  altho  the  vertical 
angle  can  usually  be  read  with  nowhere  near  the  certainty 
of  the  horizontal  angle.  An  observation  like  this  can  usually 
be  made  in  five  minutes,  and  for  this  reason  is  convenient. 

The  next  best  arrangement  consists  of  four  pointings  at 
the  sun,  two  direct  and  two  inverted,  and  each  pair  in  diagon- 
ally opposite  quadrants,  the  two  quadrants  used  depending 
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upon  the  direction  of  movement  of  the  sun.  One  pointing 
may  be  made  in  each  of  the  four  quadrants  if  desired,  but  in 
two  of  them  the  movement  is  not  as  convenient  for  observa- 
tion as  the  others  and  nothing  is  gained.  In  either  case  the 
direct  pointings  should  be  to  diagonally  opposite  quadrants, 
and  similarly  with  the  inverted  sights.  This  procedure  gives 
two  readings  of  horizontal  angle  and  four  readings  for  the 
vertical  angle,  and  requires  about  eight  minutes  of  time. 

The  Heavy  Artillery  School,  A.  E.  F.,  makes  use  of  the 
following  procedure.  The  upper  left  quadrant  is  numbered  1, 
lower  right  is  2,  upper  right  is  3  and  lower  left  is  4.  Sights 
are  then  taken  as  follows: 

direct  to  the  mark, 
direct  to  quadrants  1  and  2, 
reverse  to  quadrants  3  and  4, 
reverse  to  quadrants  3  and  4, 
direct  to  quadrants  1  and  2, 
direct  to  quadrants  1  and  2, 
reverse  to  quadrants  3  and  4, 
reverse  to  the  mark. 

Each  pair  is  then  averaged,  giving  the  center  of  the  sun  for 
that  pair.  These  six  mean  pointings  are  then  listed,  checked 
for  proportionality  between  successive  readings,  and  finally 
averaged  to  obtain  the  final  data  for  computation,  after  any 
readings  showing  poor  proportionality  have  been  discarded. 
The  final  average  assumes  that  the  average  of  the  azimuth 
readings  and  the  average  of  the  time  readings  are  coincident, 
that  is,  represent  the  same  position  of  the  sun.  While  this  is 
not  true  the  error  is  small  if  the  total  time  of  observation  does 
not  cover  more  than  fifteen  minutes.  This  method  gives  four 
measures  of  the  horizontal  angle  to  the  mark,  using  both 
verniers,  twelve  readings  of  the  vertical  angle  and  twelve 
pointings  at  the  sun,  using  the  tangent  image  method. 

These  various  methods  illustrate  the  more  frequently 
used  schemes  in  solar  observations,  and  the  manner  of  making 
provision  for  the  uncertainties.  But  perhaps  it  might  be 
suggested  that  the  more  minute  details  are  after  all  not  as 
important  as  some  of  the  more  important  unknowns  which 
are  liable  to  be  overlooked.  At  best  solars  are  approximate. 
Lt.  Col.  Birdseye  of  the  A.E.F.  School  says  that  they  are 
suitable  when  direction  is  required  only  within  two  minutes 
of  arc,  and  the  averages  of  all  the  a.  m.  and  all  the  p.  m.  observa- 
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tions  listed  on  Plate  I  show  exactly  this  difference.  The 
reason  for  a  large  part  of  this  difference  is  that  a.  m.  sights 
were  over  a  water  area  and  p.  m.  over  a  land  area,  with  a 
consequent  variation  in  the  refraction  Correction.  Without 
knowledge  of  the  air  conditions,  tabular  corrections  had  to 
be  used  though  known  to  be  in  error.  For  this  reason  greatly 
increasing  the  number  of  pointings  in  any  one  observation 
ir.  questionable.  It  would  appear  to  be  better  to  accept  the 
azimuth  of  a  line  from  solars  only  when  a  consistent  average 
was  obtained,  from  a  number  of  observations  taken  under 
varying  conditions  of  time,  weather,  season,  etc.  The  other, 
and  perhaps  the  better,  use  of  solar  observations  is  to  serve 
as  a  check  in  the  course  of  work  where  it  is  desired  to  prevent 
the  occurance  of  large  errors  in  azimuth  due  to  faulty  instru- 
ment work,  such  as  in  running  traverses  from  lines  already 
oriented;  or  as  a  means  of  obtaining  only  approximate  orienta- 
tion until  more  precise  determinations  could  be  made. 

Solar  Observations — Hour  Angle  Method 

Theory. — In  the  general  case  of  star  or  sun  observations 
by  altitude  method,  of  which  the  preceeding  Solar  Altitude 
Method  is  one  form,  the  three  sides  of  the  so-called  "Astro- 
nomical Triangle"  are  either  measured  or  obtained  from  tables, 
by  means  of  which  the  angle  at  the  observer's  zenith  is  com- 
puted. This  Hour  Angle  method  is  more  or  less  of  an  emer- 
gency measure  which  furnishes  one  angle  of  this  same  triangle, 
so  that  it  may  be  solved  when  one  side,  the  altitude  side,  for 
some  reason  is  not  or  cannot  be  measured.  This  angle  is 
the  so-called  "hour  angle,"  being  the  angle  at  the  celestial  pole 
between  the  observer's  meridian  and  the  great  circle  through 
the  sun  at  the  time  of  observation.  Its  value  is  a  function  of 
apparent  time  at  the  place  of  observation,  that  is,  apparent 
local  time.  If  the  sun  has  passed  or  will  pass  the  observer's 
meridian  three  hours  before  or  after,  respectively,  the  time  of 
observation,  its  hour  angle  at  the  time  of  observation  is  45 
degrees — fifteen  degrees  for  each  hour  of  time.  In  this  case 
the  three  hours  are  measured  in  local  apparent  solar  time, 
obtained  by  changing  standard  time  (mean  solar  time  at  the 
central  meridian  of  the  time  belt  in  which  the  place  of  observa- 
tion is  located)  to  mean  local  time  (standard  time  corrected 
for  the  difference  in  longitude  of  the  place  of  observation  and 
the  central  meridian  of  the  time  belt),  then  correcting  to 
apparent  local  time  by  applying  the  equation  of  time  between 
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apparent  and  mean  time  as  given  for  the  date  of  observation 
by  an  ephemeris.  Having  computed  this  hour  angle,  and  also 
having  obtained  from  an  ephemeris  the  declination  of  the 
sun  at  the  time  of  observation,  and  knowing  the  latitude  of 
the  place  of  observation ;  two  sides  and  the  included  angle  of  the 
"Astronomical  Triangle"  are  known,  from  which  the  angle  at 
the  observer's  zenith  may  be  computed  by  the  following  two 
formulas: 

sin  J^  (lat. +decl.) 
tan  H  (AZ.-P)  =eosK2(lat.-decl.)^  ^^"^  ^^  HA. 

cos  }^  (lat.  +decl.) 

tan  H  (Az.+p)  =  - — .y-,r-, — i — rv~X  tan  HHA. 

^       sm  J^  (lat.—decl.) 

Adding  the  values  computed  from  each  formula  gives  '*Az.", 
which  is  the  angle  at  the  observer's  zenith  between  true  south 
and  the  sun  at  the  time  of  observation.  Combining  this  **Az." 
angle  with  the  measured  angle  from  mark  to  sun  gives  the 
angle  between  true  north  and  the  mark. 

Practical  Considerations. — This  method  provides  for  the 
minimum  of  field  work,  but  substitutes  considerable  compu- 
tation and  the  results  are  almost  wholly  dependent  upon  the 
accuracy  of  the  time  measurement  used  in  computing  the  hour 
angle.  Three  seconds  error  in  time  result  in  one  minute  error 
in  the  computed  direction.  This  alone  practically  eliminates 
it  from  the  list  of  reliable  field  methods.  The  statement  is 
sometimes  made  that  it  might  be  used  in  place  of  the  solar 
altitude  method  in  case  the  sky  were  partly  overcast  and  only 
one  pointing  at  the  sun  were  possible.  But  even  so  the  one 
pointing  at  the  sun,  corrected  to  the  center  of  the  sun  by  com- 
putation, if  necessary,  would  give  a  far  more  reliable  result 
by  the  altitude  method  than  by  the  hour  angle  method.  Ap- 
parently the  only  circumstance  in  which  this  latter  method 
is  unavoidable  would  be  in  case  the  vertical  angle-measuring 
part  of  the  instrument  were  missing  or  disabled,  and  suflS- 
cient  time  were  not  available  for  a  Polaris  observation  or  for 
an  equal  altitude  determination;  the  latter  being  possible 
without  a  vertical  circle,  simply  clamping  the  telescope  in 
any  convenient  position. 

As  an  interesting  experiment  five  of  the  Solar,  Altitude 
Method,  observations  were  selected  from  the  28  determina- 
tions listed  on  Plate  I,  taking  those  which  most  nearly  ap- 
proached the  accepted  value  of  the  azimuth  of  the  line  to  which 
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all  the  field  work  was  referred.  These  five  are  listed  under 
"Hour  Angle",  at  the  bottom  of  Plate  I.  These  five  observa- 
tions when  computed  by  the  altitude  method  gave  results 
varying  from  the  accepted  azimuth  by  the  following  amounts: 
8",  16",  2",  7",  and  61".  Using  the  identically  same  field 
data,  but  computing  these  five  by  the  hour  angle  method, 
gave  the  widely  varying  results  as  shown  on  Plate  I,  the 
average  error  being  113". 

As  a  rule  a  knowledge  of  the  time  within  a  few  seconds  is 
out  of  the  question,  without  making  a  separate  observation 
for  the  determination  of  time.  While  the  latter  is  not  a  serious 
matter,  it  appears  to  be  a  needless  complication  of  the  problem, 
when  more  simple  and  direct  solutions  are  more  easily  available. 


High  Burst  Ranging 

By  Lt.  Colonel  C.  H.  Birdseye^  Coast  Artillery 


INTRODUCTION 

A  number  of  small  pamphlets  have  been  published  describ- 
ing different  methods  of  High  Burst  Ranging.  None  of  these 
completely  covers  the  subject  and  in  many  publications  some 
particular  phase  of  the  problem  is  treated  in  an  entirely  dif- 
ferent manner.  The  object  of  this  paper  is  to  give  a  complete 
discussion  of  the  problem  of  ranging  by  air  bursts,  explaining 
all  the  methods  now  in  use  and  presenting  several  changes  in 
methods  which,  to  the  writer,  seem  to  be  desirable. 

None  of  the  existing  methods  are  satisfactory.  In  some 
cases  the  preparation  for  adjustment  is  simple  but  the  instru- 
ments used  in  observing  are  poor  and  the  methods  of  calculation 
are  weak.  In  other  cases  very  elaborate  preparation  for  adjust- 
ment is  required  and  the  computations  are  intricate  and  require 
considerable  time  before  the  results  can  be  given  to  the  bat- 
tery. It  is  true  that  the  different  methods  have  been  devised 
for  different  types  of  artillery  but  it  seems  perfectly  feasible 
to  develop  a  single  method  with  variations  to  meet  the  needs 
of  different  types  of  guns. 

Accurate  adjustment  by  air  burst  ranging  has  been  thor- 
oughly demonstrated  by  /the  French,  British,  and  German 
Artillery.  It  may  be  employed  to  advantage  under  the  fol- 
lowing conditions: 

(a)  When  the  target  is  invisible  from  the  observation 
stations  and  observation  from  aeroplane  is  for  any  reason 
impracticable. 

(b)  When  other  batteries  are  firing  on  the  same  target, 
making  it  difficult  to  distinguish  the  fall  of  the  shells  of  the 
ranging  battery. 

(c)  When  it  is  desired  to  resume  a  previously  adjusted  fire 
under  different  atmospheric  conditions. 

(d)  For  calibration  of  guns  or  comparison  of  powder  lots. 

(e)  In  adjustment  of  fire  on  captive  balloons,  furnishing 
an  ideal  method  of  adjustment  without  alarming  the  target. 

(417) 
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This  method  of  ranging  is  of  particular  vahie  to  the  Artil- 
lery since  it  permits: 

(a)  The  adjustment  of  fire  at  night  when  the  method  works 
even  better  than  by  day. 

(b)  A  reduction  in  the  number  of  aeroplanes  required  for 
artillery  observation. 

(c)  A  wide  range  in  choice  of  height  of  burst. 
The  disadvantages  of  the  method  are  as  follows: 

(a)  Not  capable  of  adjustment  of  fire  on  a  moving  target. 

(b)  Useless  when  the  atmosphere  is  very  hazy,  preventing 
visibility. 

(c)  Requires  a  highly  trained  personnel. 

There  are  three  distinct  and  different  methods  of  adjust- 
ment by  air  bursts,  each  one  having  several  variations,  as 
follows: 

1.  By  terrestrial  observation  sections. 

(a)  French  S.R.O.T.,* — Ranging  on  the  true  trajectory. 

(b)  U.  S.  Flash  Ranging  Sections, — Ranging  on  the 
true  trajectory. 

(c)  British  Field  Survey  Co., — Ranging  on  a  point 
directly  above  the  target  (False  Angle  of  Site 
Method). 

2.  By  the  battery  personnel, — Tangent  Reticule  Method. 

(a)  Adjustment  on  target  which  has  been  registered 
on  by  previous  fire. 

(b)  Adjustment  on  point  on  true  trajectory. 

(c)  Adjustment  on  point  directly  over  the  target. 

3.  By  special  high  burst  ranging  sections. 

(a)  French  Sections  Telemetriques  pour  Reglage  par 
Coups  Fusants  Hauts,  under  the  control  of  the 
Reserve  Generale  d'Artillerie. 

(b)  U.  S.  Provisional  High  Burst  Ranging  Sections. 
The  first  two  methods  were  designed  for  adjustment  of 

fire  by  the  Field  Artillery  and  the  third  for  heavy  long  range 
materiel.  Each  of  these  methods  will  be  discussed  in  the 
order  given  above,  with  sufficient  theory  and  examples  to  give 
a  clear  understanding  of  the  details. 

Ranging  on  the  True  Trajectory 

The  general  principles  of  this  method  are  as  follows: 
(a)  The  ranging  section  selects  a  fictitious  point  of  adjust- 
ment on   the  true  trajectory  at  suitable  height   above  the 

*  Sections  de  Renseignements  par  Observation  Terrestre. 
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target  so  that  the  bursts  will  be  visible  from  the  observation 
stations. 

(b)  The  gun  is  fired  with  elevation  and  deflection  required 
to  hit  the  target  but  with  time  fuse  set  to  bring  the  burst  at 
the  selected  point  of  adjustment. 


Plate  I  =»' 

(c)  Bursts  are  observed  from  the  observation  stations  and 
the  horizontal  and  vertical  deviations  from  the  point  of  adjust- 
ment are  determined. 

(d)  The  ranging  section  plots  the  position  of  each  burst 
and  determines  the  position  of  the  mean  point  of  burst  of  a  series 
of  shots.  By  means  of  trajectory  charts  an  imaginary  center 
of  impact  for  the  series  is  determined  and  the  proper  cor- 
rections in  range  and  deflection  to  shift  this  center  of  impact 
to  the  target  are  given  to  the  battery. 


420 


JOURNAL   U.    S.    ARTILLERY 


Observation  of  Bursts 

At  least  three  observation  stations  are  used,  so  selected 
as  to  give  favorable  intersections  on  the  point  of  burst.  Obser- 
vations may  be  made  with  any  good  type  of  observation  instru- 
ment designed  to  read  horizontal  and  vertical  angles.  It  is 
preferable  to  use  separate  observers  in  the  same  station  for 
horizontal  and  vertical  angle  measurement,  three  determina- 
tions of  the  horizontal  position  and  two  of  the  vertical  position 
being  sufficient. 

The  French  S.R.O.T.  uses  a  special  type  of  instrument 
(see  Plate  I)  similar  to  the  Aiming  Circle  but  with  one  barrel 
of  a  prismatic  field  glass  for  sighting  device  and  a  more  stable 
base  suitable  for  mounting  on  a  permanent  support  or  on  a 
tripod.  A  sub-scale  for  reading  deflections  from  the  point  of 
adjustment  is  placed  in  the  focal  plane  of  the  instrument. 


Fig.  1 
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Fig.  2 
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The  instruments  are  made  in  pairs,  one  for  horizontal  and 
one  for  vertical  angle  measurement,  the  only  difference  being 
m  the  subscales.  In  the  horizontal  angle  instrument  the 
graduations  on  the  subscale  are  vertical  (see  Fig.  1)  and  in  the 
vertical  angle  instrument  they  are  horizontal  (see  Fig.  2).  The 
graduations  are  in  5  mil  intervals  covering  a  field  of  view  of 
80  mils  with  zero  graduation  at  the  left  in  the  horizontal  angle 
instrument  and  at  the  bottom  in  the  vertical  angle  instrument. 
In  each  case  the  graduation  40  mils  represents  zero  deviation 
from  the  reference  plane.  In  other  respects  the  instrument  is 
exactly  like  the  Model  1916  Aiming  Circle. 

The  writer  does  not  consider  this  instrument  sufficiently 
accurate  for  high  burst  ranging  and  suggests  the  following 
modifications : 

(a)  A  larger  limb  with  horizontal  angle  graduations  marked 
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in  10  mil  intervals,  subdivisions  to  be  read  by  micrometer  to 
1/10  mil. 

(b)  Larger  vertical  arc  with  graduations  to  10  mils  and 
subdivisions  to  mils  by  micrometer  or  vernier. 

(c)  Longer  level  bubbles  for  vertical  arc  and  two  cross 
bubbles  for  horizontal  plate.  All  bubble  tubes  should  be 
adjustable. 

(d)  Larger  telescope  with  field  of  view  of  at  least  100  mils, 
both  horizontal  and  vertical  graduations  to  be  placed  on  the 
same  subscale  to  permit  interchange  of  instruments  or  com- 
bination use.  It  is  believed  that  such  modifications  would 
produce  an  observation  instrument  suitable  for  all  kinds  of 
terrestrial  observation  with  mobile  armament. 

The  Y-azimuth  and  angle  of  site  from  each  observation 
station  to  point  of  adjustment  (expected  point  of  burst)  is 
determined  by  the  central  station  and  given  to  the  proper 
observers.  The  instruments  are  then  directed  on  this  imagi- 
nary point  and  deflections  read  on  the  subscales. 

Plotting  Observations 

Any  type  of  plotting  board  may  be  used  in  the  central 
station  provided  the  scale  is  sufficiently  large.  In  order  to 
obtain  good  results  the  scale  should  be  at  least  1/5000  and 
preferably  1/2000.  A  mechanical  board  is  not  required,  the 
horizontal  and  vertical  positions  of  bursts  generally  being 
plotted  on  the  ranging  chart  as  explained  later. 

Trajectory  Charts 

Two  charts  are  used — Rangmg  Chart  and  Time  of  Flight — 
Fuse  Setting  Chart.  The  Ranging  Chart  (Plate  II)  is  made 
up  of  a  series  of  descending  branches  of  trajectories  projected 
on  the  vertical  plane  through  the  gun-target  line.  These 
trajectories  are  drawn  for  each  degree  of  quadrant  elevation. 
Abscissae  are  arguments  of  range  plotted  on  a  scale  of  1/10,000. 
Ordinates  are  arguments  of  altitude  above  and  below  the 
initial  plane,  plotted  on  a  scale  of  1/5000.  It  is  believed  that 
better  results  would  be  obtained  if  the  range  and  altitude 
scales  were  the  same  and  at  least  as  large  as  1/5000.  The 
chart  shown  in  Plate  II  has  been  reduced  and  represents 
trajectories  for  the  75  mm.  gun,  high  explosive  shell, 
normal  charge,  34/31  short  time  fuze,  and  initial  veloctiy  of 
550  meters  per  second. 
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The  ranging  sections  are  supplied  with  ranging  charts  for 
each  type  of  gun,  charge,  and  fuze  for  which  it  is  probable  that 
adjustment  by  this  method  will  be  required.  These  charts 
may  be  made  in  two  ways. 

First  Method. 

The  parabola  of  the  lower  part  of  the  descending  branch 
of  the  trajectory  is  replaced  by  the  arc  of  a  circle  whose  tan- 
gent coincides  with  the  tangent  to  the  trajectory  at  the  point 
of  fall.  This  assumption  is  sufficiently  accurate  for  use  with 
this  method  of  adjustment.  The  radius  of  the  circle  is  com- 
puted by  the  formula: 


Fig.  3  2334 

R  =   (Vr)*    in  which  Vr  =  tangential  remaining  velocity 

g  cos  «  g  =  9.81  meters  per  sec. 

(a  -  angle  of  fall. 

The  projections  of  these  trajectories  are  computed  from 
range  table  data  for  each  degree  of  quadrant  elevation  between 
the  limits  desired.  Take  for  example  the  trajectory  for  quad- 
rant elevation  17**  in  Plate  II.  (Extracts  from  the  range  tables 
for  the  75  mm.  gun  are  given  at  the  end  of  this  discussion.)  The 
corresponding  range  is  5997  meters,  the  angle  of  fall  is  27°  10' 
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and  the  tangential  remaining  velocity  is  223  meters  per  second. 
At  the  point  representing  range  5997  (see  Fig.  3),  the  line  AC  is 
drawn  at  an  angle  of  2T  10'  from  the  line  GF,  representing 
the  initial  plane.     The  line  FO  is  drawn  at  right  angles  to  AC. 

Radius  =     ^^^ =  5698. 

9.81  cos  2T  10' 

The  arc  DE  is  drawn  with  center  at  0,  5698  meters  from  F. 

Second  Method 

For  each  trajectory  it  is  assumed  that  near  the  point  of 
fall  the  tangential  remaining  velocity  is  constant  and  that  the 
distance  traveled  by  the  projectile  during  a  few  seconds  above 


Fig.  4 


2335 


or  below  the  point  of  fall  is  the  tangential  remaining  velocity 
times  the  number  of  seconds.  The  tangent  AC  is  drawn  as  in 
the  first  method.  The  points  t  — land  t+i  (see  Fig.  4)  are 
plotted  on  this  tangent  at  distance  from  F  equal  to  the  tangen- 
tial remaining  velocity.  From  these  points  perpendiculars 
are  dropped  4.9  meters  to  scale,  which  is  the  distance  travelled 
by  a  falling  body  in  the  first  second  and  found  by  the  formula : 

S  =  }gt*  in  which  S  =  distance  dropped. 

g  =9.81  m.  per  sec. 
t  =  time  interval. 

The  process  is  repeated,  plotting  a  sufficient  number  of  posi- 
tions to  definitely  locate  the  curve  representing  the  trajectory 
between  the  desired  limits  (about  10  sec.  above  and  5  sec. 
below  the  point  of  fall.) 

Neither  of  these  methods  is  exact  nor  will  either  hold  even 
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approximately  true  for  a  long  distance  from  the  point  of  fall. 
In  the  first  method,  the  radii  of  the  arcs  will  be  so  long  that 
construction  will  be  difficult,  consequently  the  second  method 
will  be  found  more  practicable.  The  trajectories  plotted  by 
either  method  will  represent  normal  conditions.  An  appreci- 
able longitudinal  wind  component  will  change  the  angle  of 
fall  and  consequently  change  the  projection  of  the  trajectory. 
For  convenience  the  trajectories  are  drawn  to  fit  normal  con- 
ditions and  any  particular  one  can  be  modified  to  fit  different 
conditions  at  time  of  use. 

The  lower  part  of  the  ranging  chart  is  used  in  plotting  the 
horizontal  position  of  the  bursts  and  will  be  explained   later. 

Time  of  Flight — Fuze  Setting  Chart 

This  chart  (see  Plate  III)  is  constructed  for  the  use  of  the 
battery  commander  in  determining  the  fuze  setting  for  time 
fire.  The  projections  of  the  trajectories  are  constructed  in 
the  same  manner  as  in  the  ranging  chart  except  that  they 
are  drawn  in  a  sheaf  converging  at  a  point  representing  the 
point  of  fall.  On  each  trajectory  is  plotted  the  positions  of  the 
projectile  at  half  second  intervals  above  and  below  the  initial 
plane.  Curves  are  drawn  joining  these  positions  and  used  to 
interpolate  intervals  of  time  of  flight  on  other  trajectories. 

The  chart  contains  a  conversion  scale  giving  the  fuze  set- 
ting with  arguments  of  quadrant  elevation  and  of  time  of 
flight,  and  also  a  correction  scale  giving  range,  elevation,  and 
deflection  corrections  for  changing  from  time  fire  to  percus- 
sion fire. 

Use  of  Fuse  Setting  Chart 

The  battery  commander  prepares  the  initial  firing  data  for 
fire  on  the  target  with  fuze  that  will  be  used  in  fire  for  effect, 
taking  into  account  the  corrections  for  drift  and  meteoro- 
logical conditions.  If  the  fire  for  effect  is  to  be  with  percussion 
fuze  having  ballistic  properties  different  from  those  of  the  time 
fuze,  he  then  determines  the  elevation  and  deflection  cor- 
rection (using  with  opposite  signs  the  values  given  in  the  cor- 
rection scale)  for  fire  on  target  with  time  fuze.  With  the  quad- 
rant elevation  thus  obtained  and  the  height  of  the  expected 
point  of  burst  with  reference  to  the  initial  plane  as  arguments, 
he  enters  the  time  of  flight  chart  and  determines  the  correction 
to  time  of  flight  to  bring  the  bursts  at  the  point  of  adjustment. 
From  the  conversion  scale  (or  from  the  range  table)  Jie  deter- 
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mines  the  time  of  flight  to  point  of  fall  and  subtracts  or  adds 
the  correction  to  time  of  flight  according  as  the  point  of  adjust- 
ment is  above  or  below  the  initial  plane.  From  the  same 
conversion  scale  he  determines  the  fuze  setting  for  the  cor- 
rected time  of  flight  which  will  bring  the  burst  at  the  point 
of  adjustment.* 

Example 

Given  map  range  of  6000  meters,  target  35  meters  below 
the  level  of  the  gun,  no  wind,  and  atmospheric  conditions  nor- 
mal. Fire  for  effect  with  75  mm.  gun,  high  explosive  shell, 
normal  charge,  and  long  I A  24/31  percussion  fuze.  Fire  for 
adjustment  with  the  same  shell  and  charge  but  with  short 
24/31  time  fuze.  Model  1915.  t  Height  of  burst  200  meters 
above  the  horizontal  plane  through  the  target. 

From  the  Range  Table  Vbi  (see  page  432)  the  quadrant 
elevation  for  zero  site  is  found  to  be  19**  21'  and  drift  16  mil? 
right.  The  site  is  —6  mils  =  —20'  and  the  corrected  quadrant 
elevation  is  19**  01'.  From  the  range  correction  scale  the  cor- 
rection in  elevation  for  change  from  percussion  to  time  fire  at 
6000  meters  range  is  found  to  be  —T  20'  and  deflection  cor- 
rection to  be  1.3  mils  left.  The  corrected  quadrant  elevation 
for  time  fuze  is  16**  41'  and  corrected  deflection  from  plane  of 
fire  is  15  mils  right  which  agrees  with  the  values  found  by 
use  of  Range  Table  Vb. 

The  conversion  scale  for  fuze  setting  gives  time  of  flight 
for  quadrant  elevation  of  16**  41'  equals  21'  .5.  The  height  of 
burst  above  the  initial  plane  is  165  meters  and  the  correction 
to  time  of  flight  to  bring  the  bursts  at  the  point  of  adjustment 
is  —  r.7.  The  corrected  time  of  flight  is  19'  .8  and  the  cor- 
rected fuze  setting  is  21. 

Use  of  Ranging  Chart 

(See  Plate  II).  The  plotter  in  the  central  station  of  the 
ranging  section  plots  the  target  at  proper  range  and  altitude 
and  draws  the  trajectory  through  the  target  by  interpolation 
between  the  trajectory  curves.     If  there  is  an  appreciable 

•  The  chart  might  well  be  constructed  with  curves  giving  correction  to 
fuze  setting  rather  than  correction  to  time  of  flight,  thus  eliminating  the 
conversion  scale. 

t  The  long  fuze  is  used  in  this  example  merely  to  illustrate  the  use  of  the 
correction  scale  on  Plate  III.  Ordinarily  one  of  the  short  percussion  fuzes 
(see  page  432)  having  the  same  ballistic  properties  as  the  short  time  fuze, 
would  be  used  in  fire  for  effect. 
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longitudinal  wind  component,  the  angle  of  fall  will  be  slightly 
different  from  that  used  in  constructing  the  chart  and  the 
interpolated  trajectory  through  the  target  should  be  modified 
accordingly.  The  point  of  adjustment  is  then  plotted  at  the 
proper  altitude  on  this  trajectory.  The  horizontal  projection 
of  the  battery-target  line  is  drawn  on  the  lower  part  of  the 
chart,  parallel  to  the  line  representing  the  initial  plane  in  the 
vertical  projection.  The  position  of  the  target  is  plotted  on 
the  horizontal  projection  and  the  drift  curve,  modified  for 
lateral  wind  component,  is  plotted  through  the  point  repre- 
senting the  horizontal  position  of  the  target.  The  horizontal 
position  of  the  point  of  adjustment  is  then  plotted  on  this  drift 
curve. 

Y-azimuths  and  distances  from  the  several  observation 
stations  to  the  point  of  adjustment  are  determined  graphically 
(or  computed)  and  lines  are  drawn  through  the  horizontal 
position  of  the  point  of  adjustment  at  the  proper  angles  from 
the  battery-target  line.*  Deflection  arcs,  graduated  in  the 
same  intervals  as  the  subscales  of  the  observation  instruments, 
arc  placed  on  these  lines  by  means  of  a  parallax  protractor. 

With  the  vertical  observation  instrument  directed  on  the 
point  of  adjustment,  a  plane  determined  by  the  line  of  col- 
limation  and  the  horizontal  cross  wire  of  the  instrument  will 
cut  the  vertical  plane  through  the  battery-target  line  in  a  line 
through  the  point  of  adjustment.  By  elevating  or  depressing 
the  instrument  and  passing  a  similar  plane  for  each  setting,  a 
series  of  lines  will  be  formed  above  and  below  the  point  of 
adjustment.  The  intersections  will  be  right  lines  if  the  instru- 
ment is  not  turned  in  azimuth. 

These  intersections  may  be  determined  by  the  principles 
of  descriptive  geometry  or  by  computation.  For  example,  in 
Plate  II,  the  line  OiA  makes  an  angle  in  the  horizontal  plane 
from  the  line  GT  of  73°  25'.  The  distance  0,A  is  3328  meters. 
The  altitude  of  d  above  the  initial  plane  is  80  meters  and  the 
altitude  of  the  point  A  is  165  meters  above  the  same  plane. 
The  angle  of  site  from  Oi  to  A  is  -1-25.5.  mils. 

*  If  the  scale  of  the  chart  is  1/5000  or  larger,  sufficient  accuracy  will  be 
obtained  by  plotting  on  a  transparent  grid  to  the  same  scale,  the  positions  of 
the  observation  stations  and  target  and  the  direction  of  the  battery-tai^et 
line.  The  grid  can  then  be  superimposed  on  the  chart  and  lines  drawn 
through  the  point  of  adjustment  in  the  direction  of  the  several  observation 
stations.  The  Y-azimuths  and  distances  from  the  observation  stations  to 
the  point  of  adjustment  can  be  measured  graphically  with  sufficient  accuracy 
for  use  of  the  observers. 
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On  the  same  transparent  grid,  used  for  determination  of 
directions  and  distances  from  observation  stations  to  point 
of  adjustment,  construct  the  line  OiN  perpendicular  to  the 
line  OiA.  (See  Fig.  5).  The  horizontal  axis  of  the  instrument 
at  Oi  (or  the  hinge  of  the  planes  of  sight  from  Oi)  intersects 
the  vertical  plane  through  the  battery-target  line  at  a  point 
the  horizontal  projection  of  which  is  N.  The  horizontal  pro- 
jection of  the  intersection  of  the  plane  of  sight  from  Oi  to  A 
with  the  vertical  plane  through  the  battery-target  line  is 
represented  by  the  line  NM.  The  grid  is  then  superimposed 
over  the  vertical  projection  of  the  trajectories  with  the  point 
M  over  the  point  representing  the  point  of  adjustment  and 
the  point  N  at  an  altitude  of  80  meters  above  the  initial  plane. 


From  the  point  N  are  drawn  the  lines  representing  the  inter- 
sections of  the  different  planes  of  sight  with  the  vertical  plane 
through  the  battery-target  line.  The  spacing  of  the  lines 
along  the  vertical  through  the  point  of  adjustment  is  computed 
by  the  mil  relation  using  the  horizont  aldistance  OiM  (1  mil  = 
3.35  meters).  If  it  is  not  convenient  to  make  the  geometric 
construction,  the  distance  NM  may  be  computed  by  the 
relation  : 

NM  =  OiM  sec  73^  25'  =  11,660  m 

in  which,  for  all  practical  purposes,  the  displacement  of  A 
from  M,  due  to  drift  and  wind,  may  be  ignored  and  the  dis- 
tance OiA  may  be  used  for  OiM. 

If  the  observation  station  is  at  right  angles  to  the  battery- 
target  line,  the  point  N  will  fall  at  infmite  distance  from  M  and 
the  lines  representing  the  intersections  of  the  planes  of  sight 
with  the  vertical  plane  through  the  battery-target  line  will 
be  parallel  to  the  line  representing  the  horizontal  plane  through 
the  observation  station.  If  the  observation  station  is  on  the 
battery-target  line,  the  points  Oi  and  N  are  identical  and  the 
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distance  NM  will  equal  OiM.  In  actual  practice  it  is  not 
necessary  to  make  a  rigid  construction  or  computation  pro- 
vided the  observation  station  is  at  considerable  distance 
from  the  point  of  adjustment.  Inspection  of  the  horizontal 
and  vertical  projections  will  determine  the  approximate 
inclination  of  the  lines  representing  the  vertical  intervals. 

The  chart  is  now  ready  for  use  and,  if  the  proper  facilities 
have  been  available,  its  preparation  should  not  have  required 
more  than  15  minutes. 

The  battery  then  fires  one  or  more  shots  to  assure  bursts  in 
the  field  of  view  of  the  instruments.  In  case  it  is  necessary 
to  change  the  height  of  burst,  the  fuze  setting  and  not  the 
elevation  will  be  altered.  A  series  of  at  least  8  shots  is  then 
fired,  by  the  ranging  gun  or  in  battery  salvos,  without  changing 
elevation,  deflection  or  fuze  setting.  The  position  of  each  burst 
is  plotted  by  the  ranging  section  from  the  results  of  at  least 
three  horizontal  and  two  vertical  observations.  The  hori- 
zontal position  of  the  mean  point  of  burst  is  plotted  on  the 
lower  part  of  the  ranging  chart  and  projected  vertically  upward 
to  the  line  representing  the  mean  vertical  position.  Through 
this  point  is  drawn  the  remaining  portion  of  the  trajectory  to 
intersect  the  horizontal  plane  through  the  target  at  a  theoretical 
center  of  impact.  The  error  in  range  is  scaled  from  the  verti- 
cal projection  (distance  from  theoretical  point  of  impact  to 
target*)  and  the  error  in  deflection  is  scaled  from  the  horizontal 
projection  (distance  from  mean  point  of  burst  to  drift  curve). 
These  deviations  are  reported  to  the  battery. 

The  battery  then  combines  the  corrections  given  by  the 
ranging  section  with  the  corrections  necessary  for  changing 
from  time  to  percussion  fire  and  proceeds  with  fire  for  effect. 

Ranging  on  a  Point  Directly  Above  the  Target 

This  method  is  sometimes  called  the  False  Angle  of  Site 
Method  of  adjustment.     The  general  principles  are  as  follows: 

(a)  The  ranging  section  determines  the  height  of  burst 
above  the  target  so  that  the  bursts  will  be  visible  from  the 
observation  stations. 

(b)  The  gun  is  fired  with  quadrant  elevation,  deflection, 
and  fuze  setting  required  to  bring  the  bursts  at  this  point  of 
adjustment. 

♦  If  there  is  considerable  difference  of  altitude  between  the  battery  and 
target,  the  battery  commander  will  require  range  errors  measured  in  the 
initial  plane. 
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(c)  Bursts  are  observed  from  the  observation  stations  and 
horizontal  and  vertical  deviations  from  the  point  of  adjustment 
are  determined. 

(d)  The  ranging  section  plots  the  position  of  each  burst 
and  determines  the  position  of  the  mean  point  of  burst  of 
the  series  of  shots  with  reference  to  the  point  of  adjustment. 
These  deviations  are  given  to  the  battery.  The  battery  then 
computes  the  data  necessary  to  change  from  time  to  percussion 
fire  and  to  shift  the  mean  point  of  burst  on  the  target. 

The  same  procedure  in  observation  of  bursts  is  followed 
and  the  same  type  of  instrument  is  used  as  described  in  the 
method  of  ranging  on  the  true  trajectory. 

Plotting  Observations 

The  horizontal  positions  of  the  bursts  are  plotted  on  the 
same  plotting  board  used  by  the  section  for  ordinary  terrestrial 
observation,  provided  the  scale  is  sufficiently  large.  If  it  is 
desired  to  prepare  a  special  plotting  chart,  the  same  procedure 
may  be  followed  as  in  preparation  of  the  lower  part  of  the 
ranging  chart  used  in  ranging  on  the  true  trajectory,  except 
that  the  lines  representing  the  directions  of  the  observation 
stations  are  drawn  through  the  point  representing  the  target. 
No  vertical  projection  of  the  trajectory  is  necessary. 

Procedure  in  Adjustment 

The  battery  gives  to  the  ranging  section  the  following 
data: 

(a)  Co-ordinates  of  ranging  gun  and  target. 

(b)  Map  range  and  Y-azimuth  from  ranging  gun  to  target. 

(c)  Altitude  of  ranging  gun  and  target. 

(d)  Angle  of  site  from  ranging  gun  to  target. 

The  ranging  section  computes  the  height  of  burst  above 
the  target  necessary  to  assure  bursts  in  the  field  of  view  of 
the  instruments.  The  Y-azimuth  from  each  observation 
station  to  target  and  the  angle  of  site  from  each  station  to 
point  of  adjustment  is  determined  graphically  (or  computed) 
and  the  data  given  to  the  proper  stations.  The  observation 
instruments  are  then  directed  on  the  point  of  adjustment. 
The  angle  of  site  from  ranging  gun  to  point  of  adjustment 
is  given  to  the  battery. 

The  battery  commander  may  prepare  the  initial  firing  data 
in  two  ways,  the  first  of  which  is  preferred: 
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First  Method. 

The  firing  data  is  computed  for  time  fire  on  the  point  of  ad- 
justment, exactly  as  though  the  target  were  at  that  point. 
(See  Fig.  6) 


Fig  6  2337 

False  Angle  of  Site 

Angle  T'GT  =  site  to  target. 
Angle  T'GA  =  false  site  to  point  of  adjustment. 
Angle  TGA  =  COD  =  difference  of  site. 
Angle  DGE  =  complementary  site  correction. 


The  fuze  setting  is  determined  from  the  proper  Time  of 
Flight — Fuze  Setting  Chart  as  described  in  the  method  of 
ranging  on  the  true  trajectory. 

The  battery  gives  to  the  ranging  section  the  time  of  flight 
to  the  burst.  One  or  more  preliminary  shots  are  fired  to  assure 
the  bursts  being  in  the  field  of  view  of  the  instruments.  If 
it  is  necessary  to  change  the  height  of  burst,  only  the  fuze 
setting  is  altered.  A  series  of  at  least  eight  shots  is  then  fired 
without  changing  quadrant  elevation,  deflection,  or  fuze  set- 
ting. 

After  deviations  from  the  point  of  adjustment  have  been 
reported,  the  battery  commander  computes  the  data  necessary 
to  shift  the  fire  from  the  mean  point  of  burst  to  the  target  and 
applies  the  corrections  for  change  from  time  to  percussion 
fire  as  determined  from  the  correction  scale  on  the  Fuze  Set- 
ting Chart. 

Second  Method 
The  initial  firing  data  is  computed  for  fire  on  the  target 
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with  fuze  that  will  be  used  in  fire  for  effect.  The  data  is  then 
corrected  for  difference  of  site  between  the  target  and  point  of 
adjustment  and  for  change  from  percussion  to  time  fire.  The 
fuze  setting  required  to  bring  the  burst  at  the  proper  altitude 
is  determined  from  the  Fuze  Setting  Chart.  The  bursts 
may  then  be  expected  approximately  on  the  line  of  site  to  the 
point  of  adjustment  but  short  of  that  point  (at  M  in  Fig.  6) 
for  the  reason  that  no  complementary  site  correction  has  been 
made  other  than  that  for  site  to  the  target.  After  deviations 
from  the  point  of  adjustment  have  been  reported,  the  battery 
commander  allows  for  the  expected  deviation  in  range  due  to 
lack  of  complementary  site  corrections  and  applies  the  re- 
maining correction  for  range  deviation,  the  corrections  for 
deflection,  difference  of  site  and  for  change  from  time  to  per- 
cussion fuze. 

Fire  for  effect  is  then  carried  out. 

It  is  evident  that  the  principal  difference  between  ranging 
on  the  true  trajectory  and  ranging  on  a  point  directly  above 
the  target  is  that  the  observation  section  performs  most  of 
the  work  in  the  first,  and  the  battery  personnel  in  the  second 
method.  The  division  of  work  is  a  question  of  policy  but  the 
writer  does  not  believe  that  the  personnel  of  a  terrestrial 
observation  service  should  be  called  upon  to  make  any  ballistic 
calculations.  If  the  observations  are  made  by  artillery  per- 
sonnel, this  objection  is  removed. 

It  is  believed  that  a  modification  of  the  method  of  ranging 
on  a  point  above  the  target,  in  which  the  point  of  adjustment 
is  selected  in  any  direction  at  approximately  the  range  to  the 
target,  offers  possibilities  of  development  superior  to  any 
other  method  of  high  burst  ranging.  The  process  of  directing 
the  observation  instruments  on  any  imaginary  point  is  no 
more  difficult  than  on  a  point  directly  over  a  concealed  target. 
The  computation  of  firing  data  to  bring  the  bursts  at  this 
imaginary  point  and  then  to  shift  the  fire  to  the  actual  target 
is  exactly  the  same  as  though  the  fire  were  adjusted  on  a  visible 
auxiliary  target  located  at  the  imaginary  point.  This  is  a 
problem  with  which  every  battery  commander  in  mobile 
artillery  is  familiar  and  which  he  often  fires.  One  great  ad- 
vantage would  be  in  failure  to  alarm  the  target.  This  is  often 
very  important. 
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Extracts  from  Firing  Tables 
75  mm.  Gun,  Model  1897 

Tables  Vb,  VIb, 

H.  E.  SHELL,  SHORT  FUSE 


Short  fuse. 

(Vo  =  550m.) 


24/31  percussion  fuse,  Model  1899 
24/31  percussion  fuse,  Model  1899-08. 
I  fuse,  Model  1914. 

24/31  time  fuse,  Model  1915. 
24/31  combination  fuse.  Model  1916. 
24/31    Ry  fuse,  Model  1917. 


Tables  Vbi,  VIbi, 


Long  fuse. 

(Vo  =  542m.) 


H.  E.  SHELL,  LONG  FUSE 

lA  24/31    percussion  fuse.  Model  1915. 
lAL  percussion  fuse.  Model  1916,  with  or  without 

plate. 


Table  Vb,  co 

ntinued 

RT  FUSE 

1 

Table  Vbi,  con 

tinued 

IG  FUSE 

H.  E.  SHELL,  SHO 

H.  E.  SHELL,  LOh 

Vo  =  550m. 

Vo«542m. 

Elevation 

Elevation 

Range 

^  -.^ ^  ^ 

Range 

Drift 

Range 

^..^^^^^ 

Range 

Drift 

in 

Degrees 

in 

in 

Degrees 

in 

meters 

and 
minutes 

Mils 

setting 

mils 

,  meters 

and 
minutes 

Mils 

setting 

mils 
13 

5500 

W  26' 

257 

12 

,  5500 

15"^  57' 

284 

5600 

14"'  56' 

266 

12 

5600 

16"*  36' 

295 

13 

5700 

15"'  27' 

275 

«rf 

13 

5700 

17"*  16' 

307 

14 

5800 

15"*  58' 

284 

s 

13 

5800 

17"^  56' 

319 

9 

14 

5900 

16"*  29' 

293 

9 
3 
CT 

14 

5900 

18**  38' 

331 

•o 

9 
S 

cr 
>> 

15 
16 

6000 

17"*    1' 

302 

15 

6000 

19"*  21' 

344 

6100 

17^34'i     312 

g 

16 

6100     20"*    5' 

357 

s 

17 

6200 

18**   8'      322 

3 

16     , 

6200     20"*  52' 

371 

•5; 

17 

6300 

18**  43'  1     333 

17 

6300 

21**  42' 

386 

18 

6400 

19**  19' ;     343 

17     , 

6400 

22°  35' 

402 

19 
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Table  VL 


H.  E.  SHELL  SHORT  FUSE 


V,»55(r 


RANGE 


u 


Meters 


m 
as 


m 
o 

f2 


i 


e    /      o    ^ 


27  19  2« 


sec. 


in.    n. 


0.352    15.7     375 


7000 


35  23    7   0.427    19.1     482 


DISPLACnflDfT 

of 
poDfT  or  rALL 


1 

.s 


•I 


4» 


235 
229 


43  27  17  0.515 
55  31  53  0.522 


21.8     528    223 
24.8'    811    220 


1  13  37    3   0.755   28.2    1041'   218 


m.  n. 

12.8  19.0 

11.9  15.8 

9.3  14.5 

8.4  12.5 
7.1  10.5 


o 

• 


8 

-■3 


.s 


m. 
5.7 
7.2 
7.5 
7.8 
7.9 


m. 
'  4.9 
5.4 
5.9 
5.4 
5.9 


PBOP- 
APLB 

■Bsom 


.S 


m. 

17.9 

19.8 

22.0 

24.5 

28.0 


§ 

i 

•  •4 

e 


m. 

2.7 

3.2 

3.8 

4.4 

5.1 


Os  1  DC    rU8B 

setting 
diq>boet 
bunt  by 


mm 

2Z 


17.3 
20.1 
23 


.S 


•a 

I 


7.8 

9.0 

10.2 

11.8 

13.5 


'g 

.S 


I 

.5 


1.5l  20 
1.5    19 


1.7 
1.7 
1.9 


18 
17 
15 


Table  VI 


b1 


H.    E.   shell  long  fuse 


V.-542" 


•J 
o 

3 

o 
z 


< 
o 

5 

o 

z 

< 


i 

o 

S 

M 

i 


< 

H 
s 
o 


ft. 

a 

0               )    2 

1.                   '      31 

p                        •• 

S                         ]       K 

< 

0 

a 

z 

< 

h 

>• 

h 

i 

u 

j» 

a 

z 


< 
u 

« 


DIHPL  ACBMBlfT 

of 

POIKT  Of  rALL 


if 

'8 

1 


z 

< 


e    / 

53 

1  18 

1  42 

2  42 

4    4 

o    / 


•ec 


m. 


20  47 

0.380, 

17.2 

391 

24  37 

0.479, 

20.2 

538 

31  22 

o.eio; 

23.5 

725 

37  52 

0.777 

27.4 

«M 

45  55 

'  1.032 

32.5 

13W 

m. 

229 

219 

211 
207 
200 


.S 


I 


.a 


m. 
10.6 
8.9 

7.4 
5.0 

4.7 


.S 


s 
.S 

I 


m. 

15.7 

13.2 

10.9 
8.9 
7,0 


m. 

5.0 

6.3 

6.6 
6.9 
7.2 


m. 

4.9 

5.4 

5,9 
6.4 
6.9 


PKOPAPLB 

mom 


m. 

28.7 

33.6 

39.0 
45.0 
51.5 


m. 

2.7 

3.2 

3.8 
4.4 

5.1 


( To  be  continued) 
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"The  Queen  of  Battles" 

It  was  a  beautiful  day  in  June  last  year  in  the  Marae  valley. 
A  French  Division  was  giving  a  demonstration  of  the  attack  of  a 
strong  point.  All  arms  were  there,  Infantry,  Artillery,  Tanks, 
Machine  Guns,  Engineers,  and  airplanes.  The  French  officer 
who  explained  the  problem  and  described  its  progress  had 
great  difficulty  in  making  himself  clear  in  English.  At  times  he 
would  say:  "She  is  checked,"  or  "She  advances,"  and  his 
hearers  wondered  for  a  time  who  "She"  was.  "She"  seemed 
to  be  the  heart  and  soul  of  the  whole  problem.  He  spoke  of 
her  so  anxiously,  so  reverently  and  with  such  assurance  that 
eventually  his  hearers  understood. 

"She"  was  the  thin  Infantry  line  of  attack.  When  "She" 
was  checked  the  planes,  without  delay,  must  find  out  why  and 
where,  and  the  Artillery  and  Tanks  must  throw  all  their 
strength  against  the  thing  that  checked  her. 

This  simple  and  complete  acceptance  of  their  part  by  the 
auxiliaries  was  the  best  lesson  of  the  day's  work.  There  was 
no  question,  no  hesitancy,  no  doubt  of  their  relation  to  the 
Infantry.  It  was  not  simply  doctrine;  it  was  a  rule  of  action; 
they  knew  it;  it  governed  all  their  movement  and  their  thoughts. 
The  Infantry  accepted  it  as  their  due.  To  the  division  en- 
gaged in  the  demonstration  all  this  was  obvious,  but  not  so 
to  all  the  American  officers  who  were  watching,  perhaps  for 
the  first  time,  a  combined  action  of  all  arms. 

Doubtless  all  of  them  had  been  taught  that  all  other  arms 
exist  as  aids  to  the  Infantry,  but  they  were  not  imbued  with 
this  doctrine  or  prepared  to  shape  all  their  actions  and  lay 
down  their  lives  in  accord  with  it.  Many  Artillerymen  still 
announce  that  they  conquer  in  order  that  the  Infantry  may 
occupy.  It  was  not  long  ago  that  we  were  being  told  that 
gas  or  tanks  or  airplanes  or  ships,  or  even  food,  would  win  the 
war. 

(434) 
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This  last  war  and  every  other  war  of  any  magnitude  was 
not  won  until  the  Infantry,  assisted  by  all  of  its  many  aids, 
had  imposed  its  will  on  the  enemy's  infantry.  Let  us  not  for- 
get this.  Let  us  never  be  led  astray  by  false  prophets  or  men 
who,  immersed  in  the  study  of  their  own  arm,  forget  this 
fundamental  fact  of  war.  If  you  belong  to  an  auxiliary  arm 
you  must  subordinate  your  training,  your  organization,  and 
your  thoughts  to  the  needs  of  the  Infantry.  Only  by  such  a 
policy  can  you  hope  to  be  of  adequate  use  to  the  arm  for  whom 
you  exist. 

This  proper  relation  of  all  arms  to  the  Infantry  goes  much 
farther  in  its  application  than  to  Divisions,  Corps,  and  the 
Army.  It  extends  throughout  all  our  means  and  organization 
for  carrying  on  war.  We  have  said  that  the  decision  is  only 
reached  by  Infantry  action.  This  is  true  in  any  case.  A  Naval 
engagement  simply  decides  upon  whose  soil  the  fmal  battle 
will  be  fought.  A  harbor  defense  action  will  in  the  end  simply 
determine  whether  the  Infantry  of  the  enemy  will  land  con- 
veniently in  a  sheltered  port  at  his  pleasure,  or  be  forced  to 
come  ashore  on  the  beach  to  the  great  advantage  of  our  In- 
fantry, If  we  gain  control  of  the  sea  we  will  invade  the  enemy 
to  secure  a  decision  with  our  Infantry,  and  all  arms,  as  aids, 
will  accompany  it.  If  we  lose  control  of  the  sea  we  will  be 
invaded,  and  all  arms,  as  aids  to  the  Infantry,  will  take  part 
in  the  struggle  with  the  invading  force.  In  either  event  there 
is  no  arm,  no  soldier,  no  camp  follower  who  does  not  owe  his 
allegiance  and  the  subordination  of  his  spirit  to  the  arm  for 
whose  aid  he  is  created. 

Heretofore  the  elements  of  our  defense  have  been  scat- 
tered in  times  of  peace  in  small  detachments  from  Portland, 
Mane,  to  Tientsin,  China.  They  have  been  controlled  through 
Administrative  Departments  which  have  little  or  no  relation 
to  our  problems  of  defense.  Their  peacetime  organization 
and  training  should  be  such  as  will  make  real  their  very  simple 
and  direct  relation  to  the  Infantry — ^just  as  war  makes  it  real. 
In  this  lies  the  true  reason  for  the  divisional  and  corps  organi- 
zation to  be  maintained  in  peace  as  well  as  in  war.  We  all 
recognize  the  great  necessity  for  "Teamwork"  in  war.  We 
have  taught  it  in  our  schools,  we  have  preached  it  in  our  regula- 
tions— yet  we  have  never  recognized  it  in  our  peace  organiza- 
tion, and  we  can  not  have  it  except  as  a  result  of  such  recogni- 
tion. 

With  all  the  elements  of  the  national  defense  organized 
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in  army  corps  and  trained  as  aids  and  not  as  little  independent 
units,  their  true  relations  to  the  whole  would  be  a  matter  of 
discipline  and  training,  and  not  a  matter  of  doctrine  to  be 
appreciated  only  after  the  emergency  comes.  Not  the  least 
of  the  many  advantages  of  such  organization  would  be  the 
brotherhood  and  the  understanding  of  each  other's  problems 
that  would  surely  come  from  daily  contact  in  common  service. 
In  no  other  way  can  the  auxiliary  arms  hope  to  appreciate  the 
needs  of  the  Infantry  and  train  to  meet  them.  In  no  other 
way  can  the  Infantry  realize  the  power  or  appreciate  the  limi- 
tations of  its  aids.  This  union  will  result  in  more  than  com- 
mon doctrine;  it  will  result  in  a  common  understanding,  a 
common  purpose  and  better  yet,  a  common  action — which  is 
teamwork. 


Over  the  Horizon 

A  distinguished  general  officer  now  serving  in  Germany, 
in  commenting  recently  upon  the  future  course  of  events  for  the 
army,  made  the  observation  that  perhaps  the  best  thing  that 
could  happen  to  the  army  to  enable  it  to  be  ready  for  another 
war  would  be  immediately  to  get  rid  of  everybody  who  has 
served  in  the  great  war  which  has  just  closed.  This  observa- 
tion was  casual  and  half-serious,  but  the  idea  elaborated  is 
worthy  of  sober  thought.  Even  now  every  officer  is  reading 
the  lessons  of  this  war  in  the  light  of  his  own  experience. 
Invariably  the  conclusions  are  stoutly  maintained,  although 
even  brigade  and  division  commanders  were  limited  in  their 
personal  experience  to  the  observation  of  a  few  battles,  a 
pari  of  the  theatre  of  operations  and  a  limited  series  of  problems 
in  the  combined  use  of  the  tactical  weapons  at  their  disposal. 
So  the  most  opposite  views  of  every  detail  of  doctrine  are 
being  vouched  for  by  somebody.  One  concludes  that  trench 
mortars  will  have  no  place  in  any  future  operations,  while 
another  is  sure  that  the  trench  mortar  properly  designed  is 
the  ideal  accompanying  gun  for  infantry.  It  is  maintained 
that  all  artillery  should  cast  aside  the  preparation  of  fire 
from  quadrillage  maps,  while  it  is  also  insisted  that  the  first 
step  in  preparing  for  any  future  war  should  be  the  careful 
survey  of  every  conceivable  theatre  of  operations,  and  the 
compilation  of  a  complete  series  of  maps  with  quadrillage  for 
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all  these  areas.  There  are  those  who  see  in  the  newly  designed 
caterpillar  gun  mounts  the  answer  to  all  tractor  artillery 
difficulties,  while  there  are  others  who  are  equally  convinced 
that  the  idea  of  combining  motor  unit  and  gun  unit  on  one 
mount  is  fatally  erroneous,  and  so  it  goes  through  every 
detail.  Divergences  of  opinion  exist  which  sweep  the  gamut 
from  the  trivial  to  the  profound. 

This  does  not  mean  that  there  are  no  generally  acknowl- 
edged principles  of  tactics  or  technique  still  subscribed  to, 
nor  does  it  mean  that  there  are  no  valid  principles  to  be  deduced 
from  experiences  which  now  seem  to  afford  only  ammunition 
for  controversy.  What  it  does  mean  is  this,  that  an  impartial 
analysis  of  all  the  experience  available  on  any  given  subject 
is  more  likely  to  be  forthcoming  from  a  well  trained  mind 
which  is  nevertheless  innocent  of  participation  in  any  of  the 
experience  under  study.  This  fact  is  a  natural  and  proper 
outcome  of  human  egotism.  Any  man  who  has  successfully 
accomplished  a  result,  inherently  values  his  own  judgement 
in  the  business  in  hand. 

Egotism  is  not  the  only  justification  for  the  general's  idea 
of  "Oslerizing"  us  all.  Inertia  can  easily  prove  another. 
There  are  some  officers  in  the  service  who  can  remember  with 
respect  and  veneration  certain  veterans  of  our  old  Indian 
campaigns  whose  conceptions  of  tactics,  organization,  and 
training  never  progressed  beyond  the  ideas  that  had  justified 
themselves  as  sufficient  in  the  days  of  frontier  Indian  warfare. 
These  splendid  old  soldiers  had  given  noble  service  in  a  class 
of  operations  which  were  unique  in  their  demands  upon  endur- 
ance and  heroism.  Yet  no  subsequent  war  has  been  fought 
out  on  the  lines  of  the  experience  of  the  Indian  campaigns 
and  some  of  these  officers  in  later  days  failed  to  command  the 
respect  which  their  years  would  inspire,  because  their  minds 
had  remained  inert  to  the  inevitable  change  which  is  the  law 
of  progress  in  every  field  of  human  effort.  So  now  in  the 
immediate  retrospect  of  the  mightiest  war  in  history  we 
cannot  conclude  that  a  future  war  will  not  be  more  staggering 
in  the  immensity  and  novelty  of  its  operations. 

The  Coast  Artilleryman,  alike  with  the  rest  of  the 
army,  the  nation,  and  the  whole  world,  is  on  the  threshold 
of  reorganization — another  generation — a  new  and  mighty 
era.  After  the  jockeying  in  the  field  which  is  inevitable  in 
this  period  of  reaction  and  peace  negotiations,  the  whole 
world  and  everything  in  it  is  going  to  get  straightened  out. 
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headed  down  the  course,  presently  under  the  wire  and  the  bell 
will  ring  for  the  new  and  as  yet  the  greatest  handicap.  The 
new  Coast  Artillery  will  have  a  bigger  job.  The  future  field 
of  the  Coast  Artillery  will  include  Coast  Defense  in  its  broadest 
aspects,  on  a  comprehensive  scale  that  has  not  before  been 
conceived,  and  in  addition  will  include  the  solution  of  the 
problems  concerning  the  land  employment  of  heavy  high- 
powered  guns — in  itself  a  field  of  tremendous  opportunity 
whose  boundaries  have  not  even  been  traced  in  formal  decision. 
If  the  Coast  Artilleryman  lives  up  to  his  new  job  and  meets 
his  opportunity  it  will  be  because  he  is  big  enough  to  realize 
that  egotism  and  inertia  are  clinging  garments  which  he  must 
strip  off  if  he  is  to  be  unhindered  in  the  race.  He  must  be 
frank  enough  to  acknowledge  that  no  matter  how  considerable 
was  his  achievement  in  the  past  war,  it  was  not  nearly  so 
great  as  the  effort  he  or  someone  else  will  have  to  make  before 
and  during  the  next  war.  This  does  not  mean  that  he  should 
forget  everything  he  has  seen  and  learned  in  this  war,  but 
merely  that  he  must  boost  himself  into  the  stature  to  look 
over  and  not  look  up  to  his  past  performance. 

It  has  been  said  suggestively  that  in  the  next  war  the  Coast 
Artillery  will  engage  every  naval  target  over  the  horizon  or 
not  at  all;  that  if  our  batteries  do  not  successfully  engage  their 
moving  targets  before  those  targets  can  be  seen,  the  chance 
will  be  lost,  and  the  batteries  themselves  will  be  silenced.  This 
looks  like  a  large  order,  and  particularly  to  the  Coast  Artillery- 
man who  can  perceive  the  technical  difficulties  involved  in 
firing  at  such  extreme  ranges  with  their  consequently  great 
dispersion  against  targets  which  cannot  be  tracked  by  any 
means  of  observation  yet  available,  and  with  a  problem  of 
adjustment  and  observation  of  fire  for  which  present  means  are 
inadequate.  But  this  problem  is  undoubtedly  only  typical 
of  the  revolution  in  every  problem  of  Coast  Artillery  technique 
which  must  be  faced. 

As  we  look  out  now  to  the  horizon  of  our  experiences  and 
ideas,  we  may  safely  conclude  that  most  of  the  ideas  we  are  to 
engage  as  targets  in  our  future  work  are  over  that  horizon. 
Nevertheless,  to  successfully  engage  those  ideas,  we  must  aim 
correctly.  When  in  the  future  we  fire  at  moving  vessels  over 
the  horizon,  we  will  have  made  available  the  means  of  tracking 
them.  Just  now  our  task  is  even  harder,  for  we  have  not 
yet  the  nieans  at  hand  to  spot  and  track  the  roving  ideas 
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which,  somewhere  over  the  horizon,  are  to  be  the  targets  of  our 
future  work. 

In  this  particular  problem  however  we  are  at  an  advantage, 
for  we  can  increase  our  observation  and  press  back  the  horizon 
of  our  experience  by  increasing  the  stature  of  our  purpose — 
with  a  glass  fitted  with  a  new  imagination  and  concentration, 
sweep  a  broader  horizon  which  will  reveal  to  us  the  problems 
we  must  meet. 

As  we  pick  up  these  ideas  one  by  one  they  must  be  assigned 
immediately,  and  with  the  same  solidarity  of  purpose  in  the 
officers  of  the  Corps  that  has  marked  the  teamwork  of  our 
plotting  details.  Then  we  can  engage  each  successfully 
before  we  are  overwhelmed  by  others,  for  therein  is  the  fasci- 
nation and  the  reward  of  this  whole  game — no  matter  how 
big  the  problem  which  confronts  us,  we  may  always  be  sure 
it  is  not  the  last,  but  there  is  another  and  bigger  one  just 
over  the  horizon. 


By  Way  of  Suggestion 

In  the  preliminary  consideration  of  the  conditions  to  govern 
the  Prize  Essay  Contest  for  1919,  it  was  intended  to  present  a 
list  of  subjects  from  which  the  essayist  would  choose.  Finally 
it  was  decided  to  throw  the  field  wide  open  so  as  to  allow  the 
greatest  latitude  in  choice  of  subjects  as  well  as  in  presentation 
of  ideas.  In  the  meantime,  requests  had  been  sent  to  the  head- 
quarters of  the  Coast  Artillery  Districts  and  Coast  Defenses 
for  the  suggestions  of  different  officers  as  to  timely  and  worth 
while  subjects  for  treatment  in  the  Prize  Essay  Contest.  A 
considerable  response  was  made  to  these  requests,  a  response 
which  is  much  appreciated.  The  list  of  subjects  suggested  is 
assembled  below,  for  two  purposes,  first,  to  present  in  virtual 
epitome  the  trend  of  thought  on  Coast  Artillery  problems, 
and  second,  by  way  of  suggestion  to  Coast  Artillery  officers 
who  are  willing  to  be  collaborators  in  the  usefulness  of  the 
Journal.  From  this  list  there  must  be  at  least  one  subject 
concerning  which  you,  the  thoughtful  Coast  Artilleryman, 
have  distinctive  experience  or  burning  conviction  which  you 
may  share  with  the  rest  of  the  Corps,  either  in  the  form  of  a 
crisp  note,  a  more  extended  article,  or  an  Essay  in  the  compe- 
tition for  1919. 
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Coast  Defenses  of  New  Bedford : 

Mobile  Armament  for  Coast  Defenses. 

Reconstruction. 

Units  of  Measure  for  Coast  and  Heavy  Artillery. 

Relation  of  the  Coast  Artillery  Corps  to  Other  Arms. 
Coast  Defenses  of  Southern  New  York: 

The  Re-Arming  of  Our  Sea  Coasts. 

System  of  Fire  Control  for  Mobile  Armament. 

The  Organization  Best  Suited  to  Modem  Artillery  (Requirements). 

The  Function  of  Railway  Artillery  in  the  Solution  of  our  Coast  De- 
fense Problem. 
Middle  Atlantic  Coast  Artillery  District: 

Training  of  Heavy  Artillery  for  General  Defense  of  the  Coast  Line, 
i.  e.,  for  Coast  Defense  Proper. 

Training  of  Anti-Aircraft  Artillery. 

Observation  of  Long  Range  Fire  Over  Water  and  Corrections  There- 
from. 

Anti-Aircraft  Defense  of  the  United  States. 

Possibilities  of  Mobile  Artillery  for  Coast  Defense  Purposes. 

Fire  Control  from  Aircraft. 

How  to  Advertise  the  Coast  Artillery. 

The  Future  of  the  Coast  Artillery. 

A  Type  of  Anti-Aircraft  Defense  of  Large  Cities. 

Coast  Defenses  of  the  Delaware: 

Re-Organization  of  the   Coast  Artillery,   Combining  Railroad  and 

Motorized  Heavy  Artillery*  with  the  Emplaced  Artillery. 
Modernizing  the  Armament  and  Fire  Control  Systems  of  Our  Coast 

Defenses. 
Promotion  by  Selection,  and  Its  Effect  on  the  Morale  and  Efficiency 

of  the  Commissioned  Personnel  of  the  Coast  Artillery. 
Developments  in  Submarine  Mining. 
Subaqueous  Defenses  of  Harbors. 
Mobile  Mounts  for  Trench  Artillery. 
Front  Line  Heavy  Artillery. 

Coast  Defenses  of  Portland: 

Railroad  Artillery  in  Coast  Defense. 

Coast  Defenses  of  Narragansett  Bay: 
Motorized  Artillery. 
Anti-Aircraft  Artillery. 
Possibilities  in  Aircraft  Artillery. 
Possibilities  in  Aircraft  Artillery. 
Railroad  Artillery  in  the  Field. 
Railroad  Artillery  in  Defense  of  Coasts. 
Railroad  Artillery  in  Harbor  Defense. 

Coast  Defenses  of  Galveston : 

The  8-inch  Howitzer  as  a  Mobile  Unit  of  Heavy  Motorized  Artillery. 
Qualifications  of  an  Efficient  Battery  Commander. 
The  Importance  of  Up-keep  of  Transportation  at  All  Times  in  Heavy 
Motorized  Artiller>\ 


EDITORIAL   REVIEWS  441 

The  Tactical  Uses  Made  of  the  155  mm.  Grande  Portee  Filloux  Gun 

by  the  American  Army  Artillery  in  France. 
The  Relative  Values  of  Heavy  Motorized  Artiller>'^  and   Rwaylia 

Artillery  Mounts  for  Our  Coast  Defenses. 
Guns  on  Railway  Mounts  for  Coast  Defense. 
Gas  Shells  for  Coast  Artillery. 
The  Employment  of  Coast  Artillery  Method  of  Fire  Control  by 

The  Heavy  Artillery  of  the  American  Expeditionary  Forces. 
The  Practicability  of  Using  Heavy  Railway  Artillery  in  the  Coast 

Defenses  of  the  United  States. 
Materiel  in  Possession  of  the  Coast  Artillery  and  Its  Disposition. 
The  New  Coast  Artillery;  Its  Achievements  and  Its  Possibilities. 
Personnel  Work  in  the  Coast  Artillery  Corps. 
The  Future  of  Aircraft  in  the  Coast  Artillery. 
Coast  Railways  for  the  Purpose  of  Defense. 
Disposition  of  Ordnance  and  Ammunition  on  Hand. 
Railroad  Artillery  as  a  Coast  Defense  W^eapon. 
Balloon  Obser\'ation  for  Fire  Control  (Coast  Artillery). 
The  Coast  Artillery  in  Submarine  Mine  Defense. 
The  Barbette  Howitzer  for  Coast  Defense. 
The  Passing  of  the  D.  C. 

Will  Aerial  Observation  Supplant  the  Old  System? 
Mobile  Coast  Defense. 

Coast  Defenses  of  Charleston: 

Probable  Effect  of  the  Great  War  Upon  Our  Coast  Defense  Materiel 

and  Fire  Control  Methods. 
An  Ideal  Organization  for  the  United  States  Coast  Artillery  Corps 

Adaptable  for  Home  Defenses  or  for  Action  Abroad. 

Coast  Defenses  of  Chesapeake  Bay: 

Mobile  Armament  for  Defense  and  Its  Relation  to  Fixed  Armament. 

Aerial  Fire  Control  for  Coast  Defense. 

A  Scheme  for  Fire  Direction  of  New  Armament  of  the  Heavy  Mobile 

Type. 
The  Use  in  Coast  Defense  of  Heavy  Mobile  Artillery. 

Coast  Defenses  of  Pensacola: 

Railway  Artillery  for  Seacoast  Defense. 

Lessons  of  the  War  as  Applied  to  Heavy  Artillery. 

The  Evolution  of  Heavy  Artillery  During  the  War. 

The  Pre-War  Controversy  as  to  the  Relative  Merits  of  Light  and 

Heavy  Artillery  in  the  Light  of  Later  Events. 
The  Human  Element  in  the  Service  of  Heavy  Artillery  in  War. 
Forecast  of  the  Future  for  Heavy  Artillery. 
The  Working  of  the  Unit  Supply  System  Within  a  Coast  Defense. 
The  Similarity  in  Handling  the  Heavy  Artillery  to  the  Present  Coast 

Artillery  Methods  With  Arguments  for  Their  Retention  by  the 

Coast  Artillery. 
The  Advisability  of  Allowing  the  Navy  the  Operation  of  All  Mine 

Defense. 
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Coast  Defenses  of  Mobile: 

Best  Method  of  Operating  Harbor  Boats  With  Special  Application 

to  the  Substitution  of  Enlisted  Personnel  for  Present  Civilian 

Crews. 
Use  of  Anti-Aircraft  Guns  in  Harbor  and  Coast  Defense. 
The  Administration  of  a  **Coast  Defense,**  Duties  to  be  Delegated  to 

Fort  Commanders,  etc. 
The  Co-operation  of  the  Navy  With  the  Coast  Defenses  During 

Present  and  Future  Wars. 

Coast  Defenses  of  New  Orleans: 

A  Correspondence  Course  That  Will  Standardize  Instruction  and 
Insure  All  Officers  Having  Practical  Knowledge  of  the  Latest 
Methods  Employed  in  the  Use  of  Artillery. 

Coast  Defenses  of  the  Potomac: 

A  System  of  Fire  Control  and  Fire  Direction  Suitable  Both  to  Coast 

Artillery  and  Heavy  Artillery. 
The  Training  of  Coast  Artillery  Personnel  as  Modified  by  the  Lessons 

of  War. 
The  Organization  and  Administration  of  Coast  (Heavy)  Artillery  as 

Modified  bv  the  Lessons  of  the  War. 

Coast  Defenses  of  Boston: 

The  Relative  Merits  of  Balloon  and  Aeroplane  Observations. 
The  Duties  of  a  Counter-Battery  Officer. 
Balloons  Used  as  Base  End  Stations. 

Factors  Influencing  the  Selection  of  Tractor  Artillery  Emplacements. 
Use  of  Railway  Guns  in  Coast  Defense. 

Development  of  Wireless  Telephone  for  Liaison  Between  Aeroplanes 
and  Coast  Defenses. 

South  Atlantic  Coast  Artillerv  District: 

The  Coast  Artillery  of  the  Future. 

Railroad  and  Motorized  Artillery  in  Coast  Defense. 

Coast  Artillery  in  the  Great  War. 

Lessons  from  the  Dardanelles. 

Submarine  Mines,  the  Coast  Artillery,  and  the  Navy. 

Calibers  for  Harbor  Defense. 

Organization  of  Coast  Artillery  Troops. 

Coast  Defenses  of  Los  Angeles: 

Esprit — The  Advantage  the  Coast  Artillery  Should  Reap  from  a 

Headquarters  in  Washington. 
Is  Not  Regimental  Organization  Best,  After  All? 
The   Influence  the  Coast  Artillery'  Should  Have  Upon  Ordnance 

Construction. 
Again — Co-operation  Between  Coast  Artillery  and  Navy. 
Tlie  Ideal  Figure  of  Merit  for  Service  Practice. 
The  Irreducible  Minimum  of  Analysis  of  Results  of  Target  Practice. 
The  Greatest  Need  of  the  Coast  Artillery — Stabilization  of  Personnel 

in  Assignment. 
A  Balanced  Coast  Defense — Fixed  and  Mobile. 
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The  Great  Essential — Simplicity  of  Method. 

All  Construction  Work  at  Coast  Artillery  Posts  to  be  Done  by  the 
Engineers. 

What  of  Information  Has  the  War  Contributed  to  the  Art  of  Coast 
Defense? 

What  Has  the  Coast  Artillery  Corps  Learned  from  the  War? 

What  Change  in  Coast  Artillery  Organization  Should  Be  Made  as  a 
Result  of  the  War? 

What  Change  in  Coast  Defense  Material  Should  be  Made  as  a  Result 
of  the  War? 

What  is  the  Present  Range  Limit  of  Fire  Control  in  Coast  Defense? 

What  is  the  Maximum  Caliber  that  Should  be  Constructed  Now  for 
Coast  Defense? 

Closer  Co-operation  Between  Navy  and  Coast  Artillery  Especially 

•  During  Target  Practice. 

Changing  Observing  Interval  or  Changing  Plotting  System  to  Elimi- 
nate Errors  of  Predicting. 

Proper  Relation  Between  Heavy  Mobile  Artillery  and  Coast  Defense. 

Fire  at  Moving  Railroad  Trains. 

Speed  Versus  Accuracy  in  Artillery  Fire,  All  Cases,  Showing  the 
Desirability  of  Each  According  to  the  Particular  Circumstances 
of  the  Case. 

The  Proper  Factor  of  Safety  in  the  Design  of  Field  Guns. 

Depression  Range  Finders  for  Use  in  Observation  Balloons — Requi- 
sites Thereof. 

Value  of  Resultant  Probable  Error  of  Guns  and  Range  Finding. 

Curved  Line  Prediction. 

Mapping  of  Coast  Railroads  for  Railroad  Artillery. 

Co-ordination  of  Fixed  Defenses  With  Mobile  Armament  for  Defense 
of  Our  Coast  Line. 

Relation  of  Coast  Artillery  With  Our  Naval  Forces  Renders  Impor- 
tance of  the  Former  as  Great  as  Latter:  Through  Efficiency  of 
the  Two  Would  Bring  Safety  With  Small  Mobile  Army. 

History  of  World  War  Shows  Coast  Defenses  Still  Impregnable. 

With  Our  Navy  and  Coast  Artillery  at  Top  Notch  of  Efficiency, 
Size,  and  Preparedness,  Could  Any  Attack  on  the  U.  S.  Proper 
Hope  to  Succeed? 

Coast  Defenses  of  Cape  Fear: 

To  What  Extent  Shall  Railway  Artillery  Replace  Guns  on  Fixed 

Mounts  in  Coast  Defenses? 
What  Type  of  Gun  Mount  is  Most  Suited  for  Coast  Defense  Use? 


A  "Five-Foot  Shelf  of  Books" 

In  the  post-war  reorganization  of  the  Army  the  Coast 
Artillery  will  undoubtedly  keep  in  the  regular  service  many  oi 
the  new  officers  who  have  contributed  so  much  to  the  develop- 
ment of  the  Big  Gun  Corps  in  the  war.    These  officers  received 
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the  professional  Coast  Artillery  training  which  they  have 
depended  on  in  their  service  so  far  under  conditions  of  high 
tension,  which  aimed  to  hit  only  the  absolutely  indispensable 
bases  of  principle  and  high  spots  of  practice. 

Now  that  the  rush  is  over,  these  officers  will  need  and  wish 
to  reconsider  their  professional  ground-work,  with  a  view  to 
re-establishing  it  firmly  and  broadly  for  their  future  work. 

Before  any  officer  can  confidently  undertake  original  work 
in  his  technical  field,  he  must  have  covered  the  ground  of  his 
profession.  In  order  to  do  this  without  groping  or  unnecessary 
repetition,  his  reading  should  be  well-chosen  so  that  he  may 
get  at  accepted  principles  without  having  to  wade  through  a 
mass  of  print  of  uncertain  authority. 

Consequently,  right  now  something  in  the  nature  of  a 
"Five-Foot  Shelf  of  Books"  for  the  Coast  Artillery  officer  is 
in  order.  To  be  most  useful,  the  list  should  be  restricted  to 
the  essential  subjects,  and  should  represent  the  consensus  of 
judgement  of  experienced  officers  of  Coast  Artillery.  To 
meet  this  need,  the  suggestion  is  made  that  the  readers  of  the 
Journal  who  are  experienced  officers,  take  thought  with 
themselves,  and  send  to  the  Journal  their  selection  for  such  a 
shelf  of  books.  Upon  the  receipt  of  these  suggested  lists,  the 
Journal  will  undertake  to  compile  from  them  a  true  composite 
and  present  it  for  the  use  of  the  incoming  generation  of  officers 
as  a  useful  list  from  which  to  fill  their  first  professional  "Shelf 
of   Books." 


Profiting  by  Experience 

The  Journal  is  reprinting  in  this  number,  under  Profes- 
sional Notes,  an  article  which  originally  appeared  in  the 
Journal  of  the  Royal  United  Service  Institution.  This  article 
gives  an  English  viewpoint  on  the  Development  of  Mobile 
Artillery,  1914-1918,  and  because  of  its  clearness  and  thorough- 
ness the  discussion  is  reprinted  in  its  entirety. 

Editorial  comment  is  warranted  by  the  significance  of  so 
sharp  and  critical  a  summary  of  British  experience  in  con- 
nection with  the  appraisal,  which  we  are  bound  to  undertake, 
of  American  artillery  experience  in  the  Great  War.  The 
formulation  of  correct  judgements  on  the  value  and  correct- 
ness of  the  details  of  our  own  experience  is  the  necessary  basis 
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of  our  subsequent  work.  A  comparison  of  British  experience 
with  our  own  is  bound  to  be  illuminating.  For  instance,  in 
determining  to  what  extent  the  Coast  Artillery  should  follow 
up  its  natural  preference  for  precision  methods  of  fire,  we  are 
bound  to  weigh  the  value  of  less  precise  methods  to  meet 
particular  conditions,  and  this  consideration  may  well  be 
influenced  by  an  interpretation  of  Colonel  Weber's  statement 
that  "fighting  by  eye  to  a  large  extent  replaced  fighting  by 
the  map."  Again,  his  recurring  reference  to  the  changing 
role  of  trench  mortars  is  pertinent  to  our  problem.  We 
recognize  the  problem  of  liaison  and  communication  to  be  one 
calling  for  radical  improvement.  In  this  our  experience 
certainly  parallels  that  of  the  British  artillery. 

We  will  be  wise  to  remember  that  all  active  participation 
of  the  American  artillery  in  the  Great  War  was  limited  to  only 
a  few  of  the  phases  of  that  great  struggle,  and  comprised  only 
one  year  out  of  the  four,  during  all  of  which  time  the  British 
artillery  was  absorbing  experience,  and  operating  under  the 
widest  variety  of  conditions.  So  we  will  do  well  to  reinforce 
all  of  our  own  experience  by  that  of  those  who  were  in  the 
field  so  much  longer  than  we. 

From  another  standpoint  this  article  is  worthy  of  comment. 
By  the  very  reason  of  its  crisp  summary  of  experience  it  sug- 
gests an  idea  we  must  firmly  seize  upon.  The  idea  is  this — 
all  during  the  war  artillery  technique  was  constantly  changing, 
and  as  fast  as  a  method  was  put  into  effect,  the  scathing  test 
of  experience  demanded  the  development  of  something  new 
and  better.  .  Now,  in  the  period  of  peace  which  is  happily 
before  us  weXwill  plan  to  rectify  all  the  faults  developed  by 
our  own  experience  in  the  war  and  as  a  result  will  evolve  a 
beautifully  complete  and  co-ordinated  scheme,  covering  every 
element  of  artillery  technique.  Right  then  will  we  meet  an 
insidious  danger.  In  the  absence  of  the  bitter  test  of  war, 
our  completed  product  may  look  so  good  to  us  that  we  will  not 
see  its  possible  faults,  and  believing  that  we  have  reached  the 
last  word  of  artillery  perfection,  the  temptation  will  come  to 
settle  back  on  our  heels  or  even  sit  down,  instead  of  keeping  on 
our  toes.  If  there  is  one  more  important  lesson  than  another 
to  be  read  from  Colonel  Weber's  article,  it  is  that  no  matter 
how  necessary  any  procedure  may  be  at  a  certain  stage,  it 
must  inevitably  be  replaced  by  something  newer  and  better. 
So  let  us  guard  against  mental  old  age.  At  this  time  of  reac- 
tion after  the  intense  war-time  concentration,  it  is  very  wise 
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that  every  officer  of  the  Coast  Artillery  should  earnestly 
consider  the  necessity  of  keeping  his  mind  youthful,  elastic 
and  "on  Us  loes." 
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The  Development  of  Mobile  Artillery,  1914-1918 
By  LieuL  Colonel  W.  K  F.  Weber,  C  M.  G.,  D.  S.  0.,  R.  F.  A. 


With  a  view  to  future  policy,  it  may  be  of  interest  to  examine  the  develop- 
ment of  artillery  during  the  last  four  years. 

To  borrow  a  simile  from  Robert  Louis  Stevenson,  one  should  think  of 
''the  hand  of  a  clock,  which  continues  to  advance  as  it  indicates,  rather  than 
the  stationary  milestone,  which  is  only  the  measure  of  what  is  past.  Move- 
ment is  not  arrested." 

The  information  at  the  writer's  disposal  is  limited — dates  given  are 
perhaps  inaccurate:  nor  is  he  in  a  position  even  to  hint  at  the  progress  of 
gun  construction  and  manufacture  of  munitions. 

1870-1914 

Prince  Kraft's  teaching  contemplated  the  assembly  at  the  earliest  pos- 
sible moment  on  the  battlefield  of  the  largest  possible  number  of  guns  under 
the  control  of  one  brain — almost  of  one  voice:  this  concentration  was  to 
knock  out  the  opposing  artillery  and  thenceforth  to  dominate  the  battle- 
field.   His  theory  had  to  do  entirely  with  tactics  in  a  war  of  movement. 

During  the  rest  of  the  19th  century  professional  practice  was  directed 
chiefly  towards  the  earlier  arrival  at  effective  fire  by  means  of  good  fire 
discipline  within  the  battery. 

Here  we  come  to  the  South  African  War. 

The  invention  of  facilities  for  indirect  laying  made  it  possible  to  bring 
artillery  into  action  without  previously  exposing  itself.  Smokeless  powder 
made  it  next  to  impossible  to  locate  artillery  thus  concealed. 

Quick-firing  guns,  if  concealed,  forbade  opposing  batteries  to  come  into 
action,  laying  over  the  sights. 

The  Artillery  Duel  as  known  to  Prince  Kraft  could  no  longer  take  place, 
because  the  opposing  artilleries  could  not  find  one  another. 

Here  comes  the  Russo-Japanese  War. 

The  French  improved  the  firing  power  of  field  artillery  with  their  soixanie- 
quinze,  and  by  adding  a  shield  strove  to  bluff  away  the  hide-and-seek  game 
and  to  "rush'*  success  by  direct  fire  from  the  hill  tops.  High  explosive 
defeated  the  shield:  back  to  indirect  laying  went  the  guns. 

Here  came  the  Balkan  Wars  of  1912. 

It  was  now  evident  that  aircraft  would  enable  each  side  to  locate  the 

(447) 
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opposing  artillery,  and  that  this  might  re-introduce  the  artillery  duel. 

The  British  Artillery  in  July,  1914 

A  well-known  gunner,  now  occupying  an  exalted  position  in  the  Royal 
Regiment,  described  a  certain  school  of  artillery  thought  as  having  come 
over  "on  the  crest  of  a  French  wave  from  Calais.'*  According  to  the  group 
of  officers  who  formed  this  school,  our  methods  were  slow  and  our  policy  of 
training  too  conservative.  They  cried  for  more  haste,  closer  support  of  the 
infantry'  (w^hich  was  interpreted  into  actual  proximity  and  a  very  short  range 
in  the  final  stages  of  each  battle),  direct  laying,  a  more  rapid  rate  of  fire, 
less  complicated  gunnery,  less  telephone,  more  tactical  teaching  at  our 
practice  camps.  The  opposite  school,  afraid  of  being  hurried  into  false 
training,  pinned  its  faith  to  thorough  instruction  in  gunnery:  this  school 
was  certainly  swimming  against  the  current  in  1914.  "Field  Artillery^ 
Training,  1914,"  chapter  VII,  was  influenced  from  across  the  Channel,  or 
at  least  was  considered  to  be  so  by  the  Regiment  at  large. 

The  formation  of  "temporary  groups,'*  suggested  in  section  153,  para- 
graph 6,  was  the  subject  of  many  discussions;  the  limitation  to  such  grouping, 
i.e.,  "when  those  efforts  cannot  be  directly  combined,*'  was  somewhat 
freelj'  interpreted,  if  not  disregarded,  at  maneuvers. 

It  would  be  unfair  today,  in  the  light  of  our  experience,  to  criticise  the 
ideas  expressed  in  "Field  Artillery  Training,  1914,"  for  that  manual  was 
written  solely  on  the  basis  of  open  warfare.  It  seems  fair,  however,  to  say 
that  it  showed  a  tendency  to  discountenance  the  principle  of  centralized 
control  so  ably  set  forth  by  Prince  Kraft  in  his  "Letters  on  Artillery." 

The  divisional  artillery  commander  had  been  in  existence  as  such  only 
since  early  in  1908,  and  the  officers  holding  the  six  billets  had  had  little 
opportunity  for  practising  control  in  the  field.  Under  peculiar  conditions 
of  terrain.  Colonel  (now  Lieut.-General  Sir  Lawrence)  Parsons  had  given 
us  an  excellent  demonstration  at  the  relief  of  Ladysmith  of  what  might  be 
expected  from  a  mass  of  guns  under  one  man,  but,  generally  speaking,  the 
end  of  the  South  African  War  had  brought  the  Regiment  home  opposed  to 
the  principle  of  centralized  control;  thenceforward  all  thought  was  directed 
towards  the  battle  of  encounter — where  lack  of  time  for  preparation  would 
necessitate  decentralization. 

One  cannot  shut  one's  eyes  to  the  fact  that  previous  to  this  war  gunnery 
was  insufficiently  studied.  The  use  of  the  map,  in  spite  of  the  efforts  of 
a  few  individuals  ahead  of  their  time,  was  discouraged  at  practice  camps; 
the  compass  was  seldom  used;  the  effect  of  climatic  conditions  on  explosives 
and  on  the  trajectory  of  the  shell  was  quite  unknown  to  the  average  regi- 
mental officer.  A  serious  effort  to  teach  liaison  had  been  made;  Lieut. - 
Colonel  (now  Major-General  Sir  W.T.)  Furse  had  amongst  others  come  into 
prominence  for  his  inculcation  of  training  in  forward  observation  officer's 
duties.  The  influence — the  absolute  indispensability — of  communications, 
as  we  see  them  today,  was  scarcely  dreamt  of;  strenous  efforts  on  the  part 
of  various  divisional  artilleries  to  get  things  on  a  better  basis  met  with 
the  non  possumus  from  the  authorities. 

A  little  elementary  co-operation  with  aircraft  had  been  carried  out, 
and  a  good  deal  of  discussion  and  writing  had  taken  place  as  to  the  best 
methods  of  engaging  aircraft  with  gun-fire.  Concealment  from  the  air 
when  in  action  was  rarely,  if  ever,  mentioned  within  the  writer's  experience 
at  our  practice  camps.    DriU,  turnout,  and  driving  had  reached  a  pitch 
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that  we  could  probably  not  attain  today. 

The  need  of  re-armament  of  the  field  artillery  with  a  new  (truly  quick- 
firing)  gun  was  being  constantly  discussed,  and  may,  for  all  the  writer  knows, 
have  been  actually  initiated. 

Lord  Nicholson,  then  Chief  of  the  General  Staff,  was  commonly  credited 
with  hostility  to  the  inclusion  of  heavy  artillery  in  Great  Britain's  striking 
force.  This  may,  or  may  not,  be  true,  but,  in  any  case,  there  existed  the 
barest  nucleus  of  what  exists  today. 

November,  1914 

The  first  two  months  of  the  war  taught  us  to  fear  observation  by  hostile 
aircraft  and  brought  about  the  beginning  of  artificial  concealment.  There 
was  an  immediate  demand  for  anti-aircraft  guns.  The  pom-pom  arrived 
in  September,  the  13— pounder  on  a  lorry-mounting  in  December,  1914. 
XVe  learned,  thus  early,  the  need  for  the  F.O.O.  with  a  long  telephone  wire. 
No  further  experience  was  necessary  to  convince  us  that  heavy  artillery  had 
come  to  stop  (remain)  as  an  essential  feature  of  the  modern  battle. 

Winter,  1914-15 — Re-Appearance  of  Control 

The  end  of  the  first  battle  of  Ypres  stabilized  the  battle.  The  proximity 
of  the  opposing  infantry  lines  at  once  necessitated  accuracy  of  fire,  for  which 
we  were  insufficiently  trained;  this  went  beyond  the  meticulous  calculation 
of  angles  and  touched  upon  the  influence  of  climatic  conditions.  It  was 
only  want  of  practice  due  to  lack  of  anmiunition  which  prevented  us 
from  reaching  much  earlier  the  high  standard  of  gunnery  attained  in 
later  days.  The  flatness  of  the  country  forced  upon  both  artilleries  an 
exaggerated  form  of  forward  observation  and  a  highly  (too  highly)  organized 
system  of  liaison.  It  became  necessary  to  keep  the  horses  further  back, 
to  save  casualties  to  horseflesh;  that  tended  to  divide  the  battery  into  the 
gun-line  and  wagon-line,  while  introducing  the  practice  of  dumping  ammuni- 
tion at  the  guns.  Many  of  these  tendencies  re-adjusted  themselves  during 
the  more  open  combats  of  later  days,  but  not  before  the  battle  of  Cambrai 
in  November  and  December,  1917.  What  had  come  to  stop  was  a  new 
standard  as  regards  the  number  of  guns  necessary  in  relation  to  number  of 
rifles  in  the  line. 

1915.    The  De\*elopment  of  Centralized  Control 

By  1915  we  had  Army  Artillery,  as  well  as  Corps  Artillery,  Commanders, 
whose  powers  became  gradually  but  surely  developed. 

At  Neuve  Chapelle  and  Loos  artillery  movement  was  abortive,  and  the 
field  artillery  began  to  adopt  siege  methods.  Fighting  maps  were  intro- 
duced. Climatic  conditions  received  continually  increasing  attention — 
the  first  instructions  were  issued  in  January,  this  year.  H.E.  began  to 
romplicate  the  sorting  of  ammunition,  and  the  idiosyncracies  of  foreign- 
made  shells  necessitated  much  closer  attention  to  the  care  and  management 
of  it. 

A  new  responsibility  fell  upon  the  Field  Artillery — wire  cutting.  Other 
developments: 

(a)  Trench  mortars  appeared. 

(b)  New  divisions  arrived  with  four-gun  batteries. 

(c)  A  new  word — "camouflage" — sprang  into  existence. 

(d)  First  use  of  gas  (April  22nd). 
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(e)  Arrival  of  "Mother**   (9.2-inch  howitzer)  and    "Granny**  (15-inch 

howitzer). 

(f)  Appearance  of  balloons. 

(g)  Wagon-line  changes.     Increased  use  of  lorries  led  to  the  abolition 

of  brigade  ammunition  columns,  and,  later,  reduction  of  divisional 
ammunition  columns.  Mules  began  to  replace  horses. 
The  whole  tendency  against  mobility  (and  consequently  in  favor  of 
centralization)  was  encouraged  by  the  issue  of  carefully  prepared  defense 
schemes.  The  initiation  of  counter-battery  work  by  the  enemy  brought 
into  existence  elaborate  gun-pits:  it  became  so  difficult  to  move  guns  at 
night  in  and  out  of  these  pits  that  the  custom  sprang  up  of  exchanging  guns 
during  a  relief:  there  was  much  to  be  said  against  this.  The  call  for  large- 
caliber  shells  got  ever  louder. 

1916 

Early  in  the  year  the  amount  of  heavy  artillerj'  had  been  greatly  increased: 
it  was  organized  in  heavy  artiller\'  groups  with  a  brigadier-general  in  com- 
mand at  corps  headquarters  working  under  G.O.C.R.A.,  Corps.  The  supply 
of  ammunition  was  at  last  on  a  satisfactory  basis. 

Sound-ranging  had  started. 

Trench  mortars  had  by  now  been  more  logically  organized:  the  new 
3-inch  Stokes  remained  with  the  infantr>';  the  2-inch  and  (about  June)  the 
9.45-inch  became  attached  to  the  divisional  artillery  under  a  Divisional 
Trench  Mortar  OfTicer,  who,  though  perhaps  not  himself  a  gunner,  generally 
formed  part  of  the  divisional  artillery  staff.  Opinion  varied  as  to  whether 
trench  mortars  should  be  run  by  the  general  staff  of  the  division  or  by  the 
C.R.A.  The  one  party  argued  that  they  were  employed  with,  amongst, 
and  against,  infantry,  and  that  it  was  always  infantry  who  had  to  carry  up 
their  ammunition:  therefore  they  should  be  run  as  a  divisional  (not  divisional 
artillery)  concern.  The  other  party  said  that  trench  mortars  provided 
an  integral  portion  of  the  preliminary  bombardment,  and  that  they  used  the 
ordinary  artillery  methods  of  fire,  therefore  they  should  be  part  of  the  divi- 
sional artiller>'.  Gradually  this  latter  idea  obtained  the  upper  hand,  chiefly 
because  it  was  only  when  run  by  the  artillery  that  they  received  proper 
consideration  and  supervision,  but  in  everyday  work,  this  system  took  the 
Field  Artillery  Brigade  Commander  out  of  his  daily  sphere  of  work. 

Immediately  before  the  battle  of  the  Somme  was  witnessed  a  really  big 
concentration  of  artillery:  that  behind  Maricourt,  where  (owing  to  the  shape 
of  the  line)  the  British  and  French  artilleries  were  mixed  up,  was  a  most 
remarkable  sight.  The  danger  angle  of  our  practice  camp  days  was  no 
longer  considered. 

The  necessity  of  buried  communications  was  now  thoroughly  appreciated, 
preparations  being  made  accordingly. 

The  first  meteor  telegrams  were  issued  in  April,  1916. 

It  should  be  mentioned,  that,  early  in  the  year,  divisional  schools  had 
been  established:  divisional  artillery  schools  were  added,  but  were  soon 
abandoned  in  favor  of  army  artiller>'  schools,  amongst  which  that  organized 
by  Lieut.-General  Sir  A.  E.  F.  Holland  (G.O.C.R.A.,  Third  Army)  obtained 
notoriety. 

It  is  here  that  we  come  to  the  battle  of  the  Somme. 

Early  in  the  battle  we  had  our  first  experience  of  gas-shells  on  a  big 
scale,  used  by  the  enemy  principally  to  interfere  with  our  assembly. 
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The  biggest  development  of  the  Somme  was,  however,  the  creeping  bar- 
rage as  we  know  it  today.  The  idea  was  far  from  new :  it  had  been  attempted 
in  South  Africa,  and  was  commonly  practised  by  the  French  whenever  they 
had  the  observation  to  do  so.  The  enemy,  finding  he  was  losing  all  his 
machine-guns  by  our  bombardment  if  he  put  them  in  his  trenches,  took  to 
placing  them  in  the  open  between  trenches,  so  that  our  fire,  lifting  from 
trench  to  trench,  missed  them.  To  obviate  this,  the  Field  Artillery  fire 
(xvth  Corps,  General  Sir  H.  S.  Home)  was  directed  so  as  to  move  forward 
just  in  front  of  the  infantry  with  the  purpose  of  annihilating  ever>'  living 
thing  opposing  them.  The  new  thing  in  this  was  that  it  was  done  by  the 
map,  the  lifts  being  timed  to  suit  the  pace  of  the  infantry  advance,  according 
as  to  whether  the  country  was  open  or  close,  and  the  terrain  rough  or  smooth. 
What  was  not  foreseen  was  the  high  degree  to  which  the  idea  developed. 
Limited  at  first  to  Impounders,  it  was  later  given  depth  by  the  addition  of 
4.5-inch  howitzers,  6-inch  howitzers,  and  even  9.2-inch  howitzers.  Not 
only  was  it  used  to  protect  the  infantry  during  the  advance,  but  actually 
to  control  their  movement  and  the  direction  of  that  advance;  for,  if  you  must 
follow  a  thing,  and  it  moves,  you  are  no  longer  your  own  master.  Eventually 
it  became  the  main  feature  of  the  attack,  so  that  the  infantry  could  some- 
times walk  behind  it  with  slung  rifles,  the  only  proviso  being  that  they 
must  be  as  close  to  it  as  possible,  so  that  insufficient  time  should 
elapse  after  the  barrage  had  passed  an  enemy  hiding  place  to  allow  him  to 
emerge  and  open  rifle  or  machine-gun  fire.  The  development  of  the  creep- 
ing barrage,  under  favorable  circumstances,  and  well  practised  by  both 
field  artillery  and  infantry^  accounted  for  the  capture  of  large  numbers  of 
prisoners  in  1916  and  1917,  and  did  much  to  knock  out  the  famous  "dug-out** 
system  of  defense — but  the  difficulties  of  preparation  added  a  number  of 
grey  hairs  to  the  British  Artillery  before  it  became  a  "drill."  Very  much 
more  might  be  said  on  the  subject:  it  is  not,  however,  proposed  to  go  into 
further  detail  here. 

In  some  of  the  Somme  episodes  the  ground  gained  was  sufficient  to 
entail  movement  on  the  part  of  the  artillery.  The  difficulties  of  maintain- 
ing forward  observation  on  the  move  were  felt  at  once.  Pigeons  began  to 
be  used  from  observation  posts,  and  even  as  early  as  this,  wireless. 

Portable  camouflage  nets  became  battery  equipment  after  the  Somme. 

In  the  later  stages  the  mud  was  so  appalUng  that  all  ammunition  had  to 
be  carried  up  on  pack-saddles.  No  one  who  did  not  get  personal  experience 
can  appreciate  what  drivers  went  through  bringing  up  ammunition  to  the  guns 
under  such  circumstances. 

An  important  result  of  the  experience  gained  on  the  Somme  was  the 
formation  of  Army  Field  Artillery  brigades.  Up  to  then,  the  divisional 
artillery  had  consisted  of  first  four  (three  of  Impounders  and  one  of  4.5-inch 
howitzers)  and  then  three  (mixed)  brigades.  Batteries  were  nearly  all 
four-gun  batteries.  It  was  found  that,  in  order  not  to  interfere  with  the 
artillery  bombardment  arrangements,  a  divisional  artillery  had  to  be  left 
where  it  was  in  the  line  regardless  of  its  infantry.  In  the  later  stage  of  the 
battle  it  was  rare  for  a  divisional  artillery  to  cover  its  own  infantrys.  The 
infantry  went  in  and  came  out:  the  gunners  went  in  but  came  not  out  for 
many  a  week.  To  ensure  the  divisions  being  still  formations  of  all  arms  in 
which  infantry  and  artillery  were  accustomed  to  co-operate,  one  artillery 
brigade  was  taken  away  from  each  divisional  artillery  and  made  an  army 
field  artillery  brigade:  it  was  hoped  in  this  way  to  ensure  that  a  division 
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could  move  complete  in  and  out  of  the  battle,  while  the  higher  artillery 
authorities  obtained  a  reserve  of  field  artillery  at  their  immediate  disposal. 
In  combination  with  this  change  of  organization  batteries  were  increased  to 
six  guns  each,  largely  in  order  to  economize  officers. 

Stated  generally,  public  opinion  after  the  Sonrnie  was  something  as 
follows; 

(a)  It  was  recognized  by  the  fighting  soldiers  at  large  that,  instead  of 
the  artillery  being  called  in  to  support  the  infantry  where  the  latter  wanted 
to  attack,  the  infantry  could  attack  whenever  it  was  possible  to  employ  a 
sufficient  amount  of  artillery. 

(b)  The  prelinjinary  bombardment  warned  the  enemy  of  attack:  there- 
fore that  the  true  artillery  battle  must  begin  simultaneously  with  the  infantry 
attack,  i.e.,  at  zero. 

(c)  Too  much  bombardment  made  such  terrible  havoc  of  the  country- 
side that  infantry  could  not  recognize  their  objectives  when  they  got  them. 

(d)  Batteries  became  less  parochial-minded  in  their  choice  of  position; 
to  quote  Bairnsfather:  "an  *old"  was  necessary — if  it  was  a  "better  *old," 
so  much  the  better  for  the  battery. 

(e)  Heavy  artillery  became  recognized  as  the  offensive  branch  of  the 
regiment:  counter-battery  work  became  its  principal  duty:  the  field  artillery 
in  a  war  of  position  performed  protective  duties  only. 

(f)  The  field  artillery,  at  any  rate,  could  hope  for  little  rest,  in  that  it 
required  the  divisional  artillery  of  two,  three,  or  four  divisions  to  cover  the 
infantry  of  one. 

(g)  The  Tank  had  made  its  debut,  with  all  its  immense  possibilities  for 
future  traction  of  guns. 

1917 — To  Passchendaele 

Centralization  continued  to  develop  as  a  result  of  position  warfare  all 
through  1917  on  the  lines  already  indicated,  until  individuality  was  well 
nigh  starved  out  of  existence. 

We  got  the  recuperator  for  the  18-pounder,  and  the  6-inch  Stokes  trench 
mortar  with  its  increased  range. 

The  use  of  smoke  by  artillery  was  much  developed. 

Ammunition  sorting  was  now  becoming  a  great  burden  to  the  battery 
commander. 

The  indispensability  of  good  communications  to  allow  of  so  much  centrali- 
zation was  marked  by  the  transfer  of  R.A.  signallers  to  the  R.E.,  and  the 
addition  of  a  Signal  Officer  to  each  field  artillery  brigade  staff. 

In  the  heavy  artillery  a  special  Counter-Battery  Staff  Officer  came  into 
existence  (July  1st,  1917),  and  sound-ranging  was  extensively  developed: 
quite  late  in  the  year  the  R.G.A.  was  formed  into  permanent  brigades  instead 
of  in  constantly-changing  heavy  artillery  groups.  Heavy  guns  were  included 
more  and  more  in  the  creeping  barrage,  but  there  was  no  outward  and 
visible  sign  yet  that  the  Artillery  was  to  be  treated  as  one  arm:  the  R.G.A. 
and  R.F.  A.  were  still  kept  well  asunder. 

We  began  to  be  considerably  annoyed  by  enemy  bombing,  not  only  horse 
lines  at  night  but  even  our  gun  positions. 

The  artillery  suffered  a  great  deal  in  the  later  stages  of  the  battle  of  Arras 
from  enemy  counter-battery  work.  The  terrible  struggle  for  the  Passchen- 
daele Ridge  followed;  with  such  a  mass  of  artillery  for  the  enemy  to  fire  at, 
with  the  impossibility  of  digging,  with  the  harassing  of  the  Flanders  roads 
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at  night,  and  the  new  mustard  gas,  it  is  a  matter  for  wonder  that  we  car- 
ried on  as  we  did — and,  remember,  we  were  already  quite  outranged  by  the 
German  artillery.  We  came  out  a  different  regiment — ^interpret  the  phrase 
as  you  will. 

1917— Battle  of  Cambrai 

■r 

The  Third  Army  attack  in  November,  1917,  was  remarkable  for  two 
things.  In  the  first  phase  it  was  deemed  necessary  to  procure  surprise;  the 
Germans  had  shown  us  how  to  do  it  at  the  Caporetto.  The  whole 
of  the  attacking  artillery  opened  fire  on  the  morning  of  November 
20th  without  having  fired  a  single  registration  round.  Every  gun  had 
been  calibrated  in  a  back  area  (though  not  yet  by  the  screen  method),  every 
position  had  been  resected:  positions  were  occupied  only  at  the  last  possible 
moment.    The  surprise  was  complete. 

In  the  second  phase  the  Third  Army  was  surprised  by  the  German 
counter-attack  on  Gouzeaucourt  on  November  30th.  In  a  few  moments 
the  whole  elaborate  system  of  control  fell  to  pieces  like  a  house  of  cards. 

Unfortunately,  oidy  a  small  proportion  of  the  regiment  participated  in 
this  valuable  experience. 

1918 — DECaENTRAUZATION 

The  three  German  offensives  in  which  the  British  artillery  was  engaged, 
followed  by  the  great  Entente  counter,  completed  the  teaching  initiated 
at  Cambrai.  Decentralization  occurred  everywhere,  though  it  hardly 
had  time  to  affect  the  methods  of  employing  heavy  artillery:  but  even  in 
this  matter  progress  was  seen,  for  a  brigade  of  R.G.A.  was  affiliated  early 
in  the  year  to  each  divisional  artillery.  Control  became  limited  to  what 
the  controlling  authorities  could  arrange  before  the  battle — allotment  of 
guns  to  each  front,  and  the  barrage  for  each  battle.  The  individuality  of 
subordinate  officers  came  again  into  play,  more  especially  in  the  case  of  the 
field  artillery  brigade  conmiander,  to  whose  lot,  if  senior,  fell  the  command 
of  anything  up  to  five  brigades. 

Our  chief  lessons  from  the  German  offensive  were  in  the  handling  of  guns 
in  a  big  retreat.  The  preparations  for  it,  as  applied  to  the  artillery,  were 
tested  to  the  ultimate  degree — most  of  all  the  theory  of  "depth"  and  "silent" 
batteries.  The  mounted  or  dismounted  orderly  soon  replaced  the  telephone 
wire:  patrolling  reappeared:  the  wagon-line  became  once  more  an  integral 
pairt  of  the  battery  in  action:  the  exaggerated  form  of  liaison  we  were  doing 
with  each  infantry  battalion  disappeared  like  the  forward  observation  officer 
in  the  front  line  with  two  or  three  miles  of  wire  behind  him. 

Heavy  artillery  battery  commanders,  when  in  difficulty,  placed  them* 
selves  at  once  under  senior  gunners  on  the  spot. 

When  we,  in  our  turn,  attacked,  the  Regiment  had  regained  its  liberty. 
Barrages  could  never  be  dispensed  with,  but  it  was  found  possible  to  organize 
them  on  much  simpler  lines  at  the  shortest  possible  notice:  they  were  essen> 
tially  "protective"  in  character.  Rapid  reconnaissance  of  positions  was. 
followed  by  rapid  shooting-in:  fighting  by  eye  to  a  large  extent  replaced 
fighting  by  the  map.  To  secure  surprise,  the  preliminary  bombardment 
of  other  days  (and  sometimes  all  registration)  was  dispensed  with.  The 
trench  mortar  died  a  welcome  death:  no  wire  was  laid  until  it  was  seen  to- 
be  necessary:  even  dumping  was  becoming  a  thing  of  the  past.    The  armis- 


454  JOURNAL  U.  S.  ARTILLERY 

lice  came  before  the  process  had  reached  a  logical  conclusion — which  is  a 
matter  of  regret,  if  one  considers  it  from  a  point  of  view  of  training  in  the 
luture. 

The  Future 

Policy  for  the  future  is  doubtless  suh-judice.    The  writer  only  ventures 
'  to  sunmiarize  certain  features  of  our  experience. 

L  Technical  Training, — Position  warfare  took  up  three  years  and  four 
months  out  of  four  years  and  three  months.  We  cannot  afford  to  disregard 
the  fact.  Much  of  the  annual  practice  must  be  devoted  to  purely  gunnery 
problems,  involving  consideration  of  climatic  conditions,  and  leaving  move- 
ment out  of  consideration:  it  is  only  by  ammunition  that  we  can  hope  to 
learn.  A  new  "Field  Artillery  Training"  might  contain  a  set  of  standing 
orders  for  a  gun-pit  as  a  guide  to  future  battery  commanders.  Young 
officers  should  be  specially  trained  in  the  duties  of  a  forward  observation 
officer — particularly  as  regards  the  signal  service:  they  should  be  expert 
linesmen  and  have  a  working  knowledge  of  all  telephone  instruments  they 
are  likely  to  deal  with.  They  should  be  far  more  expert  masters  of  all  forms 
of  equipment.  The  trench  mortar  service  should  not  be  left  out  of  con- 
sideration. 

2.  Tactical  Training, — It  may  be  taken  for  granted  that  co-operation 
with  aircraft  and  the  engagement  of  aeroplanes  will  be  commonly  practised. 

3.  The  work  of  artillery  at  maneuvers  needs  a  very  much  higher  degree  of 
examination  by  expert  umpires  than  has  been  the  case  in  the  past.  Whether 
the  battery  can  clear  the  crest,  has  had  time  and  has  tried  to  shoot  itself 
in,  whether  communications  are  working,  and  whether  the  battery  is  well 
hidden,  whether  it  showed  itself  before  it  opened  fire,  are  points  on  which 
its  efficiency  vitally  depends. 

Maneuvers  are  troublesome  things,  because  they  are  three  parts  depen- 
dent on  imagination:  the  special  tactical  training  a  battery  commander 
can  get  at  maneuvers  has  been  terribly  neglected  in  the  past  in  favor  of  the 
professional  reputation  he  can  snatch  for  himself  and  his  battery  at  practice. 

4.  Organization. — The  degree  of  control  seems  to  depend  on  the  amount 
of  time  available  before  battle  is  joined.  Because,  in  times  of  position 
warfare  so  much  could  be  done  by  the  G.O.C.R.A.,  Corps,  and  because  the 
divisional  artillery  was  for  certain  definite  reasons  reduced — some  people 
considered  that  the  Divisional  Artillery  Commander  (C.R.A.)  had  been 
"squeezed  out."  This  does  not  appear  to  be  the  case,  as  became  evident 
during  the  1918  fighting.  The  Divisional  Artillery  could  well  be  increased. 
It  needs  a  C.R.A.  more  than  ever,  and  must  be  trained  with  its  infantry  to 
ensure  training  in  co-operation. 

5.  That  part  of  the  heavy  artillery  which  is  reasonably  mobile  ought 
to  be  part  of  the  divisional  artillery.  It  is  beyond  doubt  that  efficiency 
has  been  sacrificed  through  the  existence  of  two  regiments  of  artillery:  it 
is  not  too  much  to  say  that  the  schism  has  at  times  been  a  laughing-stock 
to  the  infantry.  It  is  one  of  the  points  which  can  easily,  and  ought  to  be, 
improved.  Why  not  a  Field  Artillery  "Group"  consisting  of  the  present 
field  artillery  brigade,  one  battery  of  6-inch  howitzers  or  60-pounders,  one 
trench  mortar  battery  (formed  on  mobilization),  and  one  group  ammuni- 
tion column?  The  heavy  howitzers  could  be  separately  organized,  and 
the  purely  coast  defense  guns  be  taken  over  by  the  Admiralty? 

6.  Cooperation. — Perhaps  the  most  pressing  need  of  all  is  to  continue 
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to  bring  infantry  officers  into  dose  touch  with  artillery  methods.  The 
whole  management  of  artillery  is  an  affair  of  communication.  Many  an 
artillery  commander,  in  his  fever  to  keep  close  alongside  the  infantry,  has 
Jeopardized  his  ability  to  control  fire,  only  to  find  that  at  the  last  moment 
the  infantry  commander  has  changed  his  headquarters  and  rendered  the 
artillery  communication  inoperative. 

"Liaison"  is  a  catch-phrase  for  the  unwary;  the  very  best  liaison  officer 
is  not  to  be  compared,  for  efficient  co-operation,  with  the  artillery  com- 
mander himself. 

Numerous  pamphlets  have  been  issued  saying  the  two  commanders 
must  be  together,  and  that  the  infantry  commander  must  consider  artillery 
needs.    In  practice  the  question  of  what  accommodation  there  b,  and  ho 
comfortable,  carries  infinitely  more  weight.     In  the  writer's  humble  opinion, 
*'G"  might  take  up  this  important  question  with  more  weight. 

7.  Equipment, — A  battery  needs  at  least  five  officers,  even  if  a  four-gun 
battery — but  we  have  been  well  treated  as  regards  numbers  of  officers. 
It  needs  a  complement  of  all  trades. 

Most  gunners  whom  the  writer  has  met  appear  to  like  the  four-gun 
organization  best.  It  is  greatly  to  be  hoped  that  in  the  next  war  we  shall 
have  less  complicated  ammunition — and  that  we  shall  not  be  outranged. 

Would  it  not  be  possible  to  save  an  immense  amount  of  work  by  issuing 
harness  with  oxidized  (or  some  other  form  of)  metal  work  which  could  be 
washed  clean? 

Should  Tank  Traction  be  considered? 

8.  Communications, — ^The  signal  service  is  not  yet  sufficiently  developed. 
It  b  the  whole  basis  of  control.  If  the  R.E.  is  so  much  preferable  to  the  R.A. 
signaller,  it  would  be  logical  to  extend  the  system  to  batteries. 

The  artillery  brigade  or  group  needs  a  dispatch  rider  service  and  arrange- 
ments for  '"wireless." 

9.  Personnel, — It  is  beyond  hope  that  we  can  ever  get  a  finer  lot  of 
officeis  and  men  than  joined  the  Regiment  when  war  broke  out.  It  may  be 
doubted  if  the  whole  annals  of  artillery  contain  anything  better  than  the 
fortitude  and  endurance  shown  during  Passchendaele,  or  than  the  gallantry 
displayed  during  the  German  offensive  in  1918. — Journal  of  the  Royal  United 
Service  Institution, 


A  Method  of  G>mputmg  Differential  Corrections  for  a  Trajectory 

By  Gilbert  Ames  Bliss,  Professor  of  Mathematics,  Uni- 
versity of  Chicago. 

In  the  following  pages  a  method  is  explained  for  the  computation  of 
the  corrections  which  must  be  applied  to  a  trajectory  to  account  for  dis- 
turbances in  the  ffight  of  a  projectile  of  the  magnitude  of  those  caused, 
for  example,  by  the  wind.  Its  effectiveness  depends  upon  a 
device  which  has  been  found  useful  in  the  computation  of  range  tables  by 
the  methods  of  approximation  which  have  been  developed  during  the  war. 
The  details  of  the  mathematics  involved  in  the  theory  will  be  presented  in  a 
paper  to  be  published  with  others  of  a  similar  sort  in  a  supplement  to  thii 
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Jouraal.  In  the  exposition  here  given  only  those  mathematical  features  are 
explained  which  seem  indispensable  to  an  understanding  of  the  method. 

The  fundamental  data  for  the  computation  of  a  range  table  for  a  speci- 
fied gun,  projectile,  and  powder  charge,  are  obtained  from  firings  by  observ- 
ing the  muzzle  velocity  and  the  ranges  corresponding  to  different  angles  of 
elevation  of  the  gun.  These  observed  ranges  must  first  of  all  be  corrected 
for  variations  from  normal  in  the  conditions  under  which  the  actual  firings 
were  made,  for  example  for  variations  from  normal  in  the  temperature  and 
weight  of  the  powder  charge,  in  the  weight  of  the  projectile,  in  the  density 
of  the  air,  and  for  wind.  In  the  case  of  long  ranges  the  curvatiu'e  and  rota- 
tion of  the  earth  may  also  be  taken  into  consideration.  The  accurate  com- 
putation of  the  corrections  requires  a  knowledge  of  the  ballistic  coefficient 
to  be  used  in  the  expression  for  the  retardation  law.  Thb  value  is  also 
unknown  at  the  start,  and  the  corrections  are  first  computed  with  the  help 
of  a  ballistic  coefficient  which  previous  experience  recommends  as  approxi- 
mately correct.  With  the  ranges  reduced  to  normalized  conditions  obtained 
by  making  these  approximate  corrections,  a  new  and  sufficiently  accurate 
value  of  the  ballistic  coefficient  may  be  obtained,  and  the  range  elevation 
table  with  its  accompanying  differential  corrections  may  then  be  found  in 
its  final  form  by  actual  computation  of  one  form  or  another  based  upon  the 
differential  equations  of  the  trajectory. 

For  fiat  fire  the  classical  method  for  finding  the  differential  corrections 
mentioned  in  the  preceding  paragraph  is  by  means  of  the  formulas  of  the 
Siacci  theory  and  the  Ingalls  tables.  This  method  has  been  exceedingly 
well  organized  and  is  most  convenient,  but  it  involves  the  well-known  Siacci 
approximation  which  unfortunately  can  not  be  justified  for  higher  elevations, 
though  it  is  a  most  convenient  and  helpful  device  within  its  range  of  appli- 
cability. So  far  no  scheme  applicable  for  all  elevations  and  analagous  to 
the  Siacci-Ingalls  theory,  by  means  of  which  range  tables  for  use  in  the 
field  can  be  computed  from  tabulated  data  such  as  appear  in  the  Ingalls 
tables,  has  been  establbhed  in  practise,  though  it  is  within  the  range  of 
possibility  that  such  a  method  can  be  devised  on  the  basis  of  the  newer 
theories  which  have  been  evolved  during  the  past  five  years. 

In  the  Siacci-Ingalls  theory  the  reduction  in  the  retardation  of  the  pro- 
jectile due  to  the  rarification  of  the  air  at  higher  altitudes  is  accounted  for 
by  introducing  a  so-called  altitude  factor  in  the  ballistic  coefficient.  This 
is  not  a  particularly  happy  device,  and  it  has  been  avoided  by  Major  F.  R. 
Moulton,  who  seems  to  have  been  the  first  to  have  frankly  introduced  into 
the  expression  for  the  retardation  law  itself  a  factor  which  suitably  reduces 
the  retardation  as  the  altitude  increases.  The  formula  for  the  retardation 
adopted  by  Major  Moulton  is 

_      vG(v)  H(y), 

^ C 

where  vG(v)  is  the  retardation,  expressed  in  terms  of  the  velocity  v,  of  a 
standard  projectile  moving  through  air  at  normal  sea  level  density,  where 
C  is  the  ballistic  coefficient  which  enables  this  expression  for  the  retarda- 
tion to  be  adapted  to  projectiles  of  other  types,  and  where  H(y)  is  a  factor 
which  is  unity  when  the  altitude  y  is  zero  and  which  decreases  as  observation 
has  shown  that  the  density  of  the  air  normally  decreases  when  the  altitude 
y  increases.  The  differential  equations  of  the  motion  of  the  projectile  then 
turn  out  to  be : 
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(1)         ^" "  "  ^  ^(""^  "^y^  "^'^  "  "•  ^^' 

y"  -   -    ^     G(v)  H(y)y'-g  =  -Fy'-g. 

where  x',  x",  y',  y"  are  the  derivatives  with  respect  to  the  time  t  of  the  co- 
ordinates X,  y  of  the  projectile,  and  F  is  merely  a  convenient  symbol  for  the 
expression  GH/C. 

The  crucial  functions  in  the  differential  equations  which  have  just  been 
set  down  are  the  functions  G  and  H.  The  values  of  the  former  have  been 
tabulated  from  the  results  of  experimental  firings  and  the  table  has  been 
smoothed  with  the  help  of  an  analytic  function  which  fits  it  with  sufficient 
accuracy.  Several  expressions  have  been  given  for  H  (y),  among  which  is 
the  well-known  Hamilton  law  of  atmospheric  density.  For  actual  compu- 
tation, however,  it  turns  out  that  H(y)  can  be  more  conveniently  expressed 
in  the  form  of  an  exponential  e—*^  where  a  is  a  suitably  chosen  small  posi- 
tive constant.  From  the  standpoint  of  accuracy  it  makes  little  difference 
which  form  for  the  altitude  function  H  is  used,  provided  only  that  proper 
corrections  are  applied  to  account  for  the  variations  from  the  chosen 
norm    in  the  density  of  the  air  at  the  time  when  a  particular  shot  is  fired. 

The  differential  equations  (1)  so  established  can  not  be  integrated  in  the 
usual  way  by  means  of  known  functions,  but  their  solutions  can  be  found  by 
methods  of  approximation.  The  trajectory  whose  form  is  characterized 
by  them  is  the  one  along  which  the  projectile  will  fly  when  all  conditions 
are  normal.  It  is  not  proposed  to  discuss  here  the  methods  by  which  this 
normal  trajectory  is  computed.  The  forms  for  the  computation  have  been 
skillfully  arranged  by  Major  Moulton  and  his  associates  so  that  the  work 
proceeds  with  rapidity  and  accuracy.  The  purpose  of  the  writer  is  rather 
to  present  methods  of  computing  the  differential  corrections  to  the  trajectory 
which,  when  used  in  conjunction  with  Major  Moulton's  theory,  make  the 
labor  of  computing  a  range  table  not  excessively  greater  than  that  required 
in  the  Siacci-Ingalls  theory.  The  new  methods  have  further  the  great 
advantage  of  being  applicable  with  equal  degrees  of  accuracy  for  all  angles 
of  elevation. 

Suppose  then  that  a  trajectory  has  been  computed  as  a  solution  of  the 
equations  (1).  The  actual  flight  will  be  in  a  slightly  different  path  when  a 
wind  is  blowing  or  when  the  density  of  the  air  or  the  initial  conditions  of 
velocity  or  elevation  are  not  normal.  The  velocity  and  the  direction  of 
the  wind  at  different  altitudes  can  be  found  as  usual  by  observing  a  pilot 
balloon  at  the  time  of  firing,  and  the  magnitude  of  the  following  wind  com- 
ponent so  determined  will  hereafter  be  designated  by  w  (y)  .There  will  also 
be  a  cross  wind  effect  which  can  be  determined  separately,  and  which  for 
the  sake  of  simplicity  will  not  be  considered  here.  The  air  density  at  dif- 
ferent altitudes  at  the  time  of  fuing  is  determined  from  airplane  observations 
of  temperatures  and  pressures,  so  that  the  density  function  H-f-5H  which 
should  be  introduced  in  place  of  H  in  the  equations  (1),  to  account  for  any 
irregularities  in  the  densities  of  the  day  at  different  altitudes,  can  be  regarded 
as  known.    The  equations  of  the  disturbed  trajectory  then  have  the  form 

(2)  X"  =  -(F+«F)  £x'-w(y), 

y"  -  -(F+«F)  y'-g. 
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where  x  —  ^"vV/  "  ^"^^  ^^^  ^®  coordinates  of  the  projectile  on  the  new 
trajectory,  anooF  is  the  correction  to  be  added  to  F  to  account  for  both 
the  wind  and  the  altered  density.  The  values  of  f  and  ij  are  clearly  the 
corrections  which  must  be  added  to  the  coordinates  x  and  y  of  the  projectile 

at  a  point  on  the  undisturbed  trajectory  in  order  to  obtain  the  position  x,  y, 
of  the  projectile  on  the  disturbed  trajectory  at  the  same  time  t.  The  details 
of  the  mathematical  justification  for  these  equations,  as  for  a  number  of 
those  which  follow,  are  omitted.  For  the  present  it  is  sufiScient  merely 
to  note  them  down,  so  that  the  meaning  of  the  differential  equations  about 
to  be  deduced  for  f  and  t)  may  be  clear. 

When  the  equations  (1)  are  subtracted  from  equations  (2)  two  new 
equations  for  f  and  7)  are  found.  If  terms  of  the  second  order  in  the  small 
quantities  ($'— w)/v,9Vv  are  neglected  these  new  equations  take  the  form: 

(3)      r  -  x'FCay  -^)  -  F(l  +x'«  ^  (^-w)  -x'  y'  F  ^  y'. 

y"  -  y'F^ay-  '^\  ^^'^'^^  (^'"^^  -F(l +y'«  ^)y'. 

where  a  is  the  constant  in  the  function  H  — e— '^.  Ordinarily  these  equa- 
tions would  have  to  be  integrated  repeatedly  to  get  the  values  of  (  and  ^ 
for  the  different  types  of  corrections  desired.  This  is  rather  a  laborious 
process,  however,  when  methods  of  approximation  have  to  be  used,  and 
it  is  the  purpose  of  this  paper  to  show  how  the  desired  data  may  be  obtained 
by  integrating  a  single  time,  instead  of  many  times,  a  second  system  of 
differentia!  equations  called  the  system  adjoint  to  the  system  (3). 

Let  <a  be  the  positive  angle  of  fall  at  the  end  of  the  undisturbed  trajectory 
for  which  the  time  of  flight  will  be  represented  by  T.  Then  at  the  time  T 
the  projectile  on  the  disturbed  trajectory  will  have  coordinates  (x+$,  ly), 
and  the  difference  AX  of  the  two  ranges  has  the  value 

AX  -   [$+17 cot  «]  0-.     '' 
as  is  readily  seen  from  the  figure.    The  quantity  AX  is  the  one  whose  value 
is  desired. 

The  system  of  equations 


m'  -  -aF(xV+y'*). 

(4)    V'  -  -i+f(i  +x'«^  )  V  +x'y'F^  *. 


where  m,    V,  9    are  three  new  auxiliary  variables,  is  called  the  system  ad- 
joint to  the  equations  (3).    These  equations  may  be  integrated  for  m.  V.  ' 
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with  initial  values  M^cot  w  «  ^  «■  $  «■  0.  at  the  time  T  at  the  end  of  the 
trajectory.  When  the  equations  (3)  are  multiplied,  respectively,  by  v 
and  c  and  added,  it  is  found  after  some  manipulations  with  the  help  of 
equations  (4 . ),  which  will  not  be  explained  in  detail  here,  that 

^  (€+My+vr+«y')  -  (V'+l)w  +  -^55 
at  a  H 

The  integration  of  this  equation  from  0  to  T  gives 

since  /*— cot  w  —  v  «■  f  ■»  0  at  t  —  T,  and  since  the  two  trajectories  have  the 
same  starting  point  so  that  f  —  i^  —  Oatt  —  O.  Hence  the  value  of  AX  is 
given  by  the  formula 

(5) 

AX-[vr+^'lt-o+J7  (V'+l)wdt+^J7     "'    ^  ^^• 

The  formula  (5)  just  derived  is  the  basis  of  the  computations  of  the  dif- 
ferential corrections.  Everything  in  it  is  completely  determined  when  the 
solutions  M>  V,  9  of  the  equations  (4)  are  known.  If  the  corrections  for 
altered  initial  conditions,  wind,  and  density  are  considered  independently 
of  each  other,  it  gives  the  three  formulas 

(6)  AX  -  10     [t,-t,+V(t,)- V(l,)  ]. 

AX  -        —      [M(tf)-M(t,)      ]. 

a 

respectively,  for  the  range  corrections  due  to  changed  initial  conditions,  to 
a  10  m/s  wind  blowing  from  a  time  t,  to  a  time  ts,  and  to  a  one  per  cent  varia- 
tion from  normal  in  the  density  of  the  air  (dH/H«.01)  on  the  part  of  the 
trajectory  traversed  between  the  times  t,  aAd  tt. 

The  results  described  above  may  be  summarized  as  follows.  Suppose 
that  a  trajectory  for  a  projectile  traveling  under  normal  conditions  has  been 
found  from  equations  (1)  by  a  method  of  approximate  integration.  Then 
in  order  to  find  the  corrections  to  the  range  of  the  projectile  which  must  be 
made  to  account  for  wind  or  for  abnormal  initial  conditions  and  air-density, 
it  is  necessary  to  integrate  the  equations  (4)  once,  by  approximate  methods, 
for  the  three  auxiliary  functions  m>  V,  9,  with  initial  conditions  M—cot  <a  >■ 
V  —  ?—o  at  the  time  t— T  at  the  end  of  the  trajectory.  The  required  cor- 
rections may  then  be  calculated  from  the  formulas  (6)  by  the  elementary 
operations  of  arithmetic.  This  process  replaces  the  repeated  integrations 
for  the  differential  corrections  which  must  be  made  if  the  equations  (3) 
are  used  directly.  The  mathematical  argument  which  justifies  the  method 
here  explained  is  perhaps  somewhat  complicated,  but  it  needs  to  be  made 
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but  once,  and  it  leads  to  simple  fonnulas  which  save  much  labor  in  the 
actual  computations. 

The  corrections  for  cross  wind  and  the  rotation  of  the  earth,  and  a  method 
of  solving  the  more  complicated  problem  of  the  corrections  for  anti-aircraft 
firings,  may  be  deduced  by  similar  considerations.  These  are,  however, 
beyond  the  scope  of  the  present  paper,  and  will  be  described  in  the  articles 
mentioned  in  the  first  paragraph  above. 


Experimental  Firing  of  12-inch  R.  R.  Gun,  Model  1918. 

The  pilot  mount  of  the  12-inch  railway  gun,  model  1918  (Battignoles)» 
was  fired  for  the  first  time  at  Aberdeen  on  May  6, 1919.  The  carriage  mounts 
a  12-inch  gun,  model  1895.  The  elevation  of  this  gun  is  from  minus  5  to 
plus  38  degrees,  giving  a  range,  with  the  900  pound  projectile,  of  about  30,000 
yards.  The  traverse  permitted  by  this  gun  is  5  degrees  each  side  of  the  direc- 
tion in  which  the  track  is  laid.  For  firing,  this  mount  requires  a  structural 
steel  platform  which  is  carried  on  a  ground  platform  car,  and  for  each  mount 
there  are  two  separate  platforms,  thus  facilitating  the  transferring  of  the 
mount  from  one  position  to  another.  This  ground  platform  is  laid  down  in 
six  sections  over  which  the  mount  is  run  and  the  weight  removed  from  the 
trucks  of  the  car  by  means  of  wedges  placed  between  the  ground  platform 
and  the  car  body. 

This  is  the  first  of  12  of  these  mounts  that  are  under  manufacture  and 
will  be  completed. 

In  firing  this  gun  at  this  time  no  defects  were  noted.  Further  test  and 
experiment  will  be  carried  on  in  order  to  determine  if  there  are  any  that  will 
be  likely  to  develop.  This  gun  is  loaded  by  the  gravity  method,  that  is, 
the  projectile  is  allowed  to  slide  down  an  inclined  tray  leading  into  the  breech 
of  the  gun. 

This  moimt  was  placed  in  position  and  fired  by  the  company  of  Coast 
Artillery,  under  the  command  of  Captain  W.  F.  Ayres,  C.  A.,  which  is 
stationed  at  Aberdeen  Proving  Ground,  Aberdeen,  Maryland. 
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Field  Service  Price  $L28  peetprid 

Treats  in  a  simple,  practical,  and  concrete  manner  the  important  subject  of 
field  service.  It  gives  the  result  of  the  experiences  of  a  number  of  officers 
and  enlisted  men. 

Riot  Duty  Price  $(UiO  peitpdd 

The  subject  is  presented  in  tabloid  form.  It  tells  an  officer  exactly  what  to 
do  if  ordered  out  on  riot  duty. 

Liberal  Diteouni  on  quaniHiti  of  aity  of  the  f ongoing  books 
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Service  of  the  Piece 
Game 

Made  by 

Jacob  Hessler's  Sons 

Edition  and  Job  Bookbinders 
18  Cedar  St.,  New  York  City 

In  wiering  pleoMt  Mtale  either  Mortar  or  Gun 


HARDWARE 

COMPLETE   UNB 

TABLE  CUTLERY 

CHINA  AND^  GLASSWARE 

PAINTS  ANP  JAPALAC 

ETC. 

8p«rtlBS  0»»ii 
Q—4jomr  Urm  Pilt«r«4  sa«#llae 


Grant, 

19MELLENST. 


jour  OMtfttst 
PIIOBBUS,  YA. 


Fagtoribs: 
REDBANKiN.J.   SOUTH  AMBOY.  N.  J. 

MBW  YORK  tALBmoom:      103  FIFTH  AVE. 


Si^mimd  Eisner  Co. 

UANUFACTURERa  OP 

Uniforms  and  Clothing 

MdB  Officet         BED  BANK,  N.  J. 


WANTED 

Copies  of  Journal  U.  S.  AjtiUery 

Issues  of  July,  1892;  March-April, 
1896;  July-August,  1905;  January- 
February,  1906;  January-February, 
1908;  and  Noyember-December,  1908. 

We  will  pav  50  cents  each  for 
'  copies  received  in  good  condition. 

JOURNAL  U.  S.  ARTILLERY, 
Fort  Monroe,  Virginia, 


Tdephooe  Hunptoo  No.8 


ATLAS 


D«liTcrlqr  C  ft  0.  Bjr.  or  Barfi 


SAND  AiND  O  RAVEL 


J.  V.  BICKFORD 

HAMPTON,  VA. 


CONTRACTORS  FOR  PILE 
DRIVING.  DREDGING  AND 
BRIDGE  WORK. 


CONTRACTORS  FOR  ALL 
KINDS  CEMENT  CON- 
CRETE WORK  AND  HEAVY 
CONSTRUCTION. 


Buildins:  Material 
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Gunners'  Instruction 

1917-1918  Edition 


"Gunners'  Instruction'*  is  issued  in  separate 
pamphlets  for  Mines,  for  Mortars,  and  for  Guns. 

Note:— There  js  published  a  separate  supple- 
ment for  each  of  the  14-;  12-;  10-;  8-;  6-  &  5-; 
and  4.7-,  4-,  and  3-inch  guns;  disappearing  and 
barbette  carriages,  and  pedestal  mounts,  giving: 
"Drill— Note$  on  the  Drill— Illustrations  of  Gun, 
Carriage,  and  Breech." 

Delivered  in  one  shipment  to  one  address  in  the 
lots  indicated,  "Gunners'  Instruction"  is  sold  at 
the  following  rates,  postpaid: 

1  to  24  copies,  inclusive,  $0.50  each 
26  to  50      "            "  0.45    " 

51  to  75      "  "  0.40    " 

76  to  100    "  "  0.35    " 

101  or  more  copies,  0.30 

Supplement,  singly  or  in 

number,  0.10 

The  "Supplement"  is  included,  without  extra 
charge,  in  shipments  of  Mine  and  Gun  pam- 
phlets—be sure  to  specify  caliber  and  mount 
desired. 


«t 


<< 


Address  all  orders  to  the 

JOURNAL  U.  S.  ARTILLERY 
Fort  Monroe,  Virginia 
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NELSON  S.  6ROOME,  F.  W.  DARLING, 

Pr«sld«nt  Vie«-Pr«sld«nt 

THE 

BANK  OF  HAMPTON,  VA. 

HAMPTON,    VA. 

Located  Near  Fort  Monroe,  Virrania 


Capital  and  Surplus,  $300,000.00 
Resources,  .  .  .  $3,000,000.00 


THE  OLDEST  AND  LARGEST  BANK  IN  HAMPTON 


4  PER  CENT.  INTEREST  PAID  ON  SAVINGS  DEPOSITS 


You  can  bank   with    us  as  easily  by 
mail  as  in  person.    Write  to  us  about  It 


SPECIAL  AHENTION  GIVEN  TO  ARMY  ACCOUNTS 


W.  H.  FACE, 

Cashier. 
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BANTA 
MILITARY  BOOKS 

The  present  war  b  a  BATTLE  OF  BRAINS.  How  are  YOU  equipped  for  the 
death  struggle?  Be  as  careful  in  your  selection  of  books  for  study  as  you  are  in 
your  selection  of  weapons.  The  right  knowledge  at  the  right  time  may  save  your 
life  and  the  lives  of  your  comrades.  Watch  for  the  BANTA  trademark.  It  means 
the  book  which  bears  it  b  of  the  highest  possible  standard.  Beware  of  cheap, 
useless  imitations  of  our  standard  titles. 

BOOKS  FOR  ARTILLERYMEN 

Elements  of  Modem  Field  ArtiUery— Bishop $1.50 

O^ration  Orders-Bishop 1.00 

Military  Ayiation— Mueller 2.50 

Machine  Guns— Hatcher 2.50 

Fidd  Artillery  FiringData  and  Notes— Perkins .75 

The  French ''75'' (Translated  by  Canady) 30 

For  Sale  by  Journal  U.  S.  Artillery,  Fort  Monroe,  Ya. 

Complete  Catalogue  on  Request. 


Edited  by  Colonel  James  A.  Moss 

ARMY   CHANGES 

PUBLISHED  QUARTERLY 

Contains  ALL  the  changes  in  ALL  the  Government 
Manuals  and  Regulations  (32  in  all)  from  the  date  of  pub- 
lication of  the  manual  or|regulation  to  the  date  of  issue  of 
each  number  of  ARMY  CHANGES.  Issued  promptly 
while  changes  are  still  new.    Complete  and  Accurate. 

Subscription  $1.50  a  Year.  Single  Copies,  50c. 

For  Sale  by 

JOURNAL  U.  S.  ARTILLERY 

Fort  Monroe,  Va. 
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OLT  FIREARMS 


REVOLVERS:  All  desirable  calibers,  weights  and  sizes.    The  choice 
of  Military  Organizations,  Police  Departments  and 
Expert  Shooters  the  world  over. 
AUTOMATIC  PISTOLS;  Adopted  by  U.  S.  Government  because  of 
their  "marked  suieriority."     Vest  pocket 
to  Army  .46  sizes. 
AUTOMATIC  MACHINE  GUN:  (Improved  Model  1914. )    Adapted  for 
rifle  ammunition  of  various  calibera 
for  Army  and  Navy  use.    Heated  bar- 
rel replaced  with  cool  one  in  less  than 
a  minute.    Fitted  with  a  variety  of 
mounts. 

B«c  O.  B.  Pat.  Ofli      Ct/ahgt  and  Spteial  BoakldM  icnl  an  it^uttt. 

Colt's  Patent  Fire  Arms  Manufacturing  Co. 

HARTFORD.  CONN..  U.  S.  A. 


If  Its  Something  Broken  Think  of 

"Thermit" 

Then  wire  or  MDd  par- 
ticulars giving  full  di- 
meuuMu  of  the  bieafc  to 
our  neareat  office.  We 
do  the  reit. 

Gear  wheeli,  piniona, 
connecting  rodi,   crank 
shafta,    croaaheada    and 
other  auch  sectiona  too 
namerona    to    mention 
have  been  taveil  and  re- 
tnrned  to  aerviee  in  a 
few  honra. 
A  permanent  repair  is  aasured  aa  Thermit  upon  reaction  producea  liquid  steel 
at  a  temperature  of  5000"  F.    When  this  hquid  mass  la  ponred  into  a  mold  sur- 
rounding the  broken  parts  it  melts  np  the  enda  of  the  sectiona  and  amalgamates 
with  them  to  form  one  solid  mass  when  cool. 

The  whole  story  is  told  in  onr  pamphlet  No.  2948  and  "Reactions."    Get  thia 
literature  and  keep  it  for  reference. 

Metal  &  Thermit  Corporation 


EOUITASLI     BUILDIN( 

S2e-S33  FOLIOH  St..  San  Framcxoo  fs  Yhilt  StI^  .  ToBohto.  OmV; 


7100  So.  Chickso  Ave.  CHiciao 
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Advertising  Department 

The  "Advertising  Policy"  to  which  the  JOURNAL  is  committed 
excludes  any  advertisement  of  an  obnoxious  or  fraudulent  article. 

You  may  patronize  our  advertisers  with  confidence  in  their  integrity 
and  services.  Advertisers  are  protected  against  association  in  the  advertis- 
ing section  with  fraudulent  concerns. 

We  hope  to  impress  all  interested  in  the  JOURNAL  with  the  desira- 
bility of  patronizing  our  advertisers  when  the  need  of  any  article  or  service 
of  the  nature  they  advertise  arises.  The  assurance  that  this  will  be  done 
will  hold  advertisers  and  attract  other  desirable  ones. 

The  only  difficulty  experienced  in  holding  advertisers  is  that  direct 
results  from  an  advertisement  are  difficult  to  determine.  For  our  adver- 
tisers to  determine  whether  the  JOURNAL  U.  S.  ARTILLERY  is  a  paying 
medium,  it  is  necessary  that  they  know  their  customers  have  read  this  De- 
partment. 

The  greatest  assistance  the  personnel  of  the  Coast  Artillery  Corps 
can  give  this  Department  is  to  mention  the  JOURNAL  when  purchasing 
from,  or  in  correspondence  with,  our  advertisers. 


Journal  U.  S.  Artillery 

Magazine  Subscription  Agency 

As  in  the  past,  the  JOURNAL  will  be  glad  to  place 
subscriptions  to  magazines  and  newspapers  for  its 
patrons. 

A  convennient  supply  of  books  and  magazines  is  an 
asset  to  a  Company  Commander  in  the  development 
of  his  men,  and  we  trust  that  each  Company  Com- 
mander in  the  corps  will  avail  himself  of  the  facili- 
ties offered  by  the  JOURNAL  in  obtaining  a  suitable 
list  of  books  and  periodicals  for  the  Company  Day- 
room. 

By  close  observance  of  rates  quoted  by  publishers  and  by  all  repu- 
table agencies,  we  are  always  able  to  give  our  patrons  the  advantage  of 
the  lowest  rates  obtainable  and  will  watch  your  interests  in  placing 
your  order. 

Be  sure  to  indicate  the  issue  with  which  you  desire  subscriptions  to 
commence,  and  the  fact  whether  it  is  a  new  subscription  or  renewal. 

Address  all  orders  to  the  JOURNAL  U.  S.  ARTILLERY, 

Fort  Monroe,  Va. 
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The  Touch  Method 

hcretuet  the  speed  of  operator  from  2S%  to  80% 


y^i^^    Calcui 


_  Adding. 
Listing  and 
Calculating  Machine 


The  few  Leyiv  10  initead  of  61  — tho  compact  continuou*  lensthr  opentdoiia  at  top  tpooJ 

keybtwrd,  ooB^glith  tha  are*  of  other*— tha  becauae  leaa  mihau»ring, 

liKlit,BenntiTe,mpon«vake]F-toiicti— thaeaM  Tha    DALTON    •A.Am,    aubtnctit    multiplier 

with  which  the  keyboard  is  improued  on  tha  divideB,tAbuIatei,addstwatot«ltatonce,craM> 

neinoTy— all   combine    to    make    the    touch  f i>olr  vorifie*  invoicefc  agui-ea  int«irMt,and  per. 

method  on  tha  DALTON  quick  to  leam  and  »^?"  """y  ™"='  ""tbematical  cakuUtioM 

'Without  an  equal  foCapmMl.  wilh«poedBndBccul«or»lmo*beyondbeUeI. 

■n    .       1       _.!.    1  I  ..    •  For  yean  tha   DALTON  ha*  maintained  a 

The  touch  method  leoena  ctrTOn,  eliminatea  U,danhip  amonff  adding  machine*  in  United 

eye-Miaia.  inciea*ea  capacity  of  opentor,  and  Stale*    Gorerament    D^^>artmeiil*,    and     big 

coaaerrot  hia  nerrou*  energy.    It  permit*  of  buainaaaB*  all  over  the  country. 
Ifrilt  for  ittiHUHx  midtrr  UUnf  attut  TcBck  MtttiaJ  anJ  tifni  aar  50  immtm 

THE  DALTON  ADDING  m'acHINE  CO. 

341  BEECH  ST,  NORWOOD,  CINCD4NAT1,   OHIO 
AgmndMa  in  all  prineipat  citlma 
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"THE  FA  VORABLE  OPINION  OF  ITS 
PROFESSIONAL  CONFRERES  IS  A  PERIODICAL'S 

HIGHEST  COMMENDATION" 

What  Other  Military  Periodicals 

Think  of  the  International 

Military  Digest 


"Abundant  and  well  Mlected  matter." — Rix/ida 
4tl  Cinuh  MUitar,  Mar..  1016. 

**To  oiBcen  familiar  with  Engliah  who  wish  to 
keep  in  touch  with  foreign  military  literature  this 
periodical  ia  to  be  recommended." — Artillerist  ische 
MonaUhffU,  Jan..  1016. 

**The  typographic  appearance  of  this  new  and 
▼ery  important  military  periodical  is  worthy  of 
its  contents,  which  are  above  all  praise.  .  .  . 
Judging  from  the  extracts  trota  our  Memorial 
which  appear  in  the  numbers  of  the  Internatignal 
MiUTARY  DiOBST  to  hand,  these  have  been  made 
by  one  who  possesses  completely  the  three  necessary 
qualities  of  ev«7  good  translator:  knowledge  of  the 
materia]  treated,  of  his  own  and  of  the  foreign 
tongue.  .  .  .  We  highly  recommend  this  pub- 
lication, which,  considering  everything,  is  very 
cheap." — Memorial  del  EJereito  de  Chile,  Dec..  1915. 

**We  extend  ...  a  hope  for  the  wide  cir- 
culation that  is  deserved  by  this  rich  source  of 
military  information." — Riputa  dt  Cavalier  ia,  Dec., 
1915. 

*'An  examination  of  the  contents  of  the  first 
three  numbers  of  the  Intbrnatignal  Miutarv 
Digest  shows  that  this  periodical  deserves  the 
greatest  attention  from  all  who  study  military 
subjects.  Not  only  are  contents  well  selected,  but 
the  articles  are  clear  and  in  the  highest  degree 
instructive.  One  can  find  satisfactory  information 
on  every  subject  of  interest  concerning  the  present 
war,  .  .  .  not  the  least  interesting  being  from 
the  Spanish,  Portuguese,  Italian,  and  Japanese 
periodicals.  This  information  the  Scandinavian 
reader  will  have  difficulty  in  gaining  access  to 
otherwise.  Note,  for  instance,  the  article.  'Artillery 
Fire  Over  Friendly  Troops,'  from  the  Memorial  de 
Artilleria  (Spain).  ...  If  the  publication  holds 
up  to  the  present  standard,  it  will  deserve  the 
warmest  recommendation." — Dansk  Artillerei  Tids- 
ekrift,  Sept..  1015. 


"This  publication  is  indispensable  for  anyone 
who.  not  having  much  time,  wishes  to  keep  up.  ia 
respect  of  the  military  sciences,  with  what  ia 
written  abroad.  We  have  no  hesitation  in  recom- 
mending it  to  our  comrades.  The  number  which 
we  have  before  us  notices  two  articles  recently 
published  by  us.  and  in  its  seventy-two  pages 
contains  many  other  interesting  abatracts  from 
other  reviews  on  various  subjects." — R»iMa  de 
Artilharia,  Sept.,  1915. 

"A  current  record  of  progress  in  military 
science — intended  primarily  for  reference  use  as 
an  encyclopedia  of  current  military  information. 
Its  editors  have  carried  on  the  work  admirably, 
and  this  quarteriy  issue  is  of  much  interest  and 
value  in  its  wide  scope,  and  well-digested  infcwma- 
tion  as  to  military  publications  during  the  period 
covered." — Armg  and  Navy  Journal  (U.  S.  A.), 
Oct.,  1015. 

"This  periodical  deserves  the  greatest  attention 
from  all  who  study  military  subjects.    Not  only 
are  the  contents  well  selected,  but  the  articles  ar 
clear  and  in  the  highest  degree  instructive.    On 
can  find  satisfactory  information  on  every  subjec 
of  interest  concerning  the  present  war    ...    no 
the  least  interesting  being  from  Spanish,  Portuguese 
Italian    and    Japanese    periodicals.    .     .    .    This 
periodical  embraces  matter  from  51  different  pub- 
lications, and  more  will  be  included  later.    The 
quarterly  issues  assembled  later  ia  a  yearly  volume 
which  will  form  a  complete  encyclopedia  of  the 
year's  military  literature.    The  publication,  held 
up  to  the  present  standard,  will  deserve  the  warmest 
recommendation." — Norek  Artillerei  Tidekrift,  Sept., 
1915. 

"An  expanded  bibliography  of  current  military 
literature,  providing  a  very  brief  abstract  of  the 
contents  of  all  military  journals.  American  and 
foreign.  Nearly  seventy  periodicals  are  dealt  with, 
and  as  the  Diobst  widens  its  scope,  it  will  prove 
s  most  valuable  reference  work  to  the  military 
student." — Armg  and  Ntwg  Gazette,  London,  Sept.. 
1915. 


^re  You  a  Subscriber  to  the  Digest? 

It  Costs  Complete,  with  Bound  A  nnual  Cumulation 

Volume,  Only  $5  a  Year 

The  International  Military  Digest 

241  West  37th  St,  New  York  City 
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Journal  U.  S.  Artillery 

BOOK  DEPARTMENT 


The  Journal  U.  S.  Artillery  maintains  a  BOOK  DEPARTMENT  through  which 
members  of  the  Coast  Artillery  Corps  can  obtain  books  of  all  kinds  at  the  best 
possible  rates,  postage  prepaid. 

Each  issue  of  the  Journal  U.  S.  Artillery  contains  a  BOOK  REVIEW  Section 
where  reviews  of  the  most  recent  publications  are  found.  There  is  also  published 
an  Index  to  Current  Artillery  Literature  ol  books  of  interest  to  members  of  the 
Coast  Artillery  Corps  and  those  interested  in  the  work  of  the  Corps, 

The  subscribers  of  the  Journal  are  invited  to  make  the  BOOK  DEPARTMENT 
of  the  Journal  U.  S.  Artillery  a  medium  for  obtaining  such  books  and  magazines 
as  are  desired. 


i 


TEXT  BOOK  OF 

ORDNANCE  and  GUNNERY 

BY  LBEUTENANT-COLONEL  WM.  H.  TSCHAPPAT 

Ordnance  Department,  U.  S.  Army 

This  book  is  a  revision  of  Lissak's  "Ordnance  and 
Gunnery/*  used  for  several  years  at  the  United  States  Mili- 
tary Academy.  It  covers  the  entire  subject  of  explosives  in 
its  relation  to  artillery.  From  a  detailed  consideration  of 
the  theory  of  explosives  and  the  reactions  which  take  place 
upon  explosives  in  closed  chambers,  the  writer  takes  in  a 
technical  discussion  of  the  various  types  of  guns  used  and 
indicates  the  developments  which  have  taken  place  in  gun 
construction. 

x  +705  pages,  315  figures  including  one  folding  chart 
of  the  Lewis  Machine  Gun.    6  by  9.    Cloth,  $6.50  net. 

For  Sale  By  JOURNAL  OF  DNITED  STATES  ARTILLERY.  Fort  Monroe,  Va. 
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Bethlehem  Steel  Company 

So.  Bethlehem,  Pa.  25  Victoria  St,  London 

Naval,  Field,  and  Coaat  Defense 
Guns  and  Mounts 

Armor  Plate  Turrets  Projectiles 

Fuzes  Cartridge  Cases  Castings 

Forgings  Sliafting  Rails 

Structural  Steel 


4^Iiich  Field  HowiUer  with  Carria^ 

We  are  continuously  manufacturing  Ordnance 

Material  for  the  U.  S.  Army,  U.  S.  Navy 

and  for  Foreign  Governments 
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Military  Publications 

Books  listed  below  are  carried  in  stock  and  prompt  shipment  can  be  made  post- 
paid at  the  prices  indicated.  Others  will  be  added  as  published.  Discount  in 
quantity. 

War  Department  publications  can  be  obtained  from  the  Superintendent  of 
Documents,  Washin^on,  D.  C,  at  less  cost  than  from  Military  Publishers;  due 

to  larfle  demand  therefor,  however,  it  is  impossible  at  times  to  obtain  them  other 
than  from  Military  Publishers.  To  assist  in  meeting  the  demands,  the  Journal 
U.  S.  Artillery  will  attempt  to  keep  supplied  with  such  oooks  as  are  published. 

Applied  Minor  Tactics  (Moss) $1.25 

Armor  and  Ships  (Gulick) 0.50 

Army  Paperwork  (Moss) 2.00 

Coast  Artillery  Drill  Regulations 1.00 

Coast  Artillery  Materiel  (Piatt) 0.75 

Company  Administration  (Waldron) 1.25 

Compilation  of  General  Orders,  Circulars,  and  Bulletins  of  the  War  Depart- 
ment, 1881-1915 1 .00 

Elements  of  Trench  Warfare  and  Bayonet  Training  (Waldron ) 0.75 

Engineers'  Field  Manual,  5th  Edition  (Revised) 1.25 

Explosives  (Weaver) 3.25 

Field  Artillery  Firing  Data  and  Notes 0.75 

Field  Service  (Moss) 1.25 

Field  Service  Regulations  U.  S.  Army,  1914,  including  Qianges  No.  4  (Feb. 

4,1916) 0.75 

German  Warships  (postage  additional) 0.50 

Gunners'  Instruction,  1917-1918  (Gun)  (Mine)  (Mortar)  each 0.50 
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